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PURPOSE OF INVESTIGATION. 


As in the case of many other products derived from natural sources, 
sophistication and adulteration of insect powder have been largely 
practiced, much to the detriment of the industry. The most serious 
form of such adulteration has been the addition of the powdered 
stems of the plant to the powdered flowers, which, in some eases, 
has been carried to the extent of complete substitution. The work 
reported in this bulletin was undertaken for the purpose of devising 
methods for the quantitative determination of such adulteration and 
for determining reasonable allowances in the amounts of stems and 
acid-insoluble ash in insect powder. 


DEFINITION. 


The Insecticide and Fungicide Board of the United States Depart- 
ment of Agriculture (143) 1 recognizes as insect powder an insecticide 
inade from the powdered flower heads of the following species of 
Chrysanthemum: 

1. Chrysanthemum (Pyrethrum) cinerarixfolium (Trev.) Bocce. 

2. Chrysanthemum (Pyrethrum) roseum Web. & Mohr. 

3. Chrysanthemum Marshall Aschers. (synonym, Pyrethrum car- 
neun M. B.). 


1 References given by number to bibliography on p. 83. 
139815°—20—Bull. 824——1 
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Pyrethrum is a section of the genus Chrysanthemum, which 
belongs to the Composite. The following good description of the 
two species of Pyrethrum commonly used for preparing insect powder 
is given in Bailey’s Standard Cyclopedia of Horticulture, vol. 2, 
p. 757 (New York, 1914): 

Chrysanthemum coccineum, Willd. (Pyrethrum roseum, Bieb., not Web. & Mohr., 
P. hybridum, Hort.). Glaubrous perennial, 1-2 ft. high; stem usually unbranched | 
rarely branched at the top; leaves thin, dark green, or in dried specimens dark brown; 
involucral scales with a brown margin; rays white or red in such shades as pink, 
carmine, rose, lilac, and crimson, and sometimes tipped yellow, but never wholly 
yellow. Caucasus, Persia. 

Chrysanthemum cinerarixfolium, Vis. Glaucous perennial, slender, 12-15 in. high; 
stems unbranched, with a few short,scattered hairs below the flower; leaves long- 
petioled, silky beneath, with distant segments; involucral scales scarious and whitish 
at the apex. Dalmatia. 


HISTORY. 


While all accounts of the early history of insect powder do not — 
agree, the fact that the flowers of certain species of Pyrethrum 
possessed the property of killing various insects was known to the 
people of eastern Europe more than a century ago. Thus, according 
to Siedler (257), insect flowers have been known for more than 100 
years in Dalmatia, under the name ‘‘Polvere de Pulisi.” 

The first published reference to the nature of insect powder was 
made in 1851.by Koch (161), who stated that the flowers of P. roseum 
and P. carneum yield the celebrated Persian insect powder. Another 
early writer on insect powder stated that its nature was kept a secret 
from western Europe until early in the nineteenth century, when 
Sumttoff (5), an Armenian merchant, while traveling in the Caucasian 
region, discovered that insect powder was made from the ground 
flower heads of Pyrethrum roseum and P. carneum. In 1818 Sumt- 
 toff’s son began the manufacture of the powder on a large scale, and 
about the same time the powder was first exported in large quantities 
to European countries. It is said, however, that for some time 
before 1818 Russia had been consuming upward of 200,000 pounds 
annually. Browne (38), Riley (223), and several later writers give 
the same account of the discovery of the nature of insect powder, 
except that the name of the first manufacturer appears as Jumtikoff 
(7), and the first year of manufacture as 1828. Noodt (205), in 1858, 
stated that insect powder was known to the inhabitants of Trans- 
caucasia as ‘‘guirila.” In this connection it may be of interest to 
know that the name Buhach, applied to insect powder made from 
flowers grown in California, is derived from the Slavonic word Buha, 
which signifies a flea. The word Buhach, however, does not appear 
in the Slavonic language (55). 

According to MacOwan (184), the nature of insect powder was made 
known to Russian military authorities in the Caucasus by some 
Tcherkess prisoners. The cantonments there swarmed with fleas 


INSECT POWDER. 3 


that could apparently be destroyed only by a powder prepared from 
Pyrethrum roseum, the secret of which was known to the natives. 

As to the discovery and history of the Pyrethrum cinerarizefolium, 
from which the Dalmatian insect powder is prepared, still less seems 
to be known, but it is probable that its history has been very similar 
to that of the Persian powder. De Visiani (67), in 1854, first men- 
tioned the use of the plant as an insecticide, and Frontali (88), writing 
in 1858, remarked that the powder prepared from the flowers of 
P. cinerarizxfolium had been used for many years in destroying certain 
insects. Riley (222), in 1881, stated that it was impossible to obtain 
definite facts on the cultivation of this plant in its native home, as 
the inhabitants were unwilling to give information concerning a 
plant the product of which they wished to monopolize. Similarly, 
creat difficulty was experienced in securing even small quantities 
of the seed of P. cineranxfolium that had not been baked or otherwise 
treated to prevent germination. Jiittner (150) quotes from an article 
which traces the discovery of the effect of the flowers of this plant on 
insects back to 1840, when a German woman, Anna Rosauer, who 
lived in Ragusa, Dalmatia, picked, for decoration, a bunch of wild 
flowers, which later, as they became withered, she threw into a 
corner. After several weeks she noticed that many dead insects lay 
near the flowers. This led to the discovery that the death of the 
insects was due to some virtue possessed by the flowers, whereupon 
she undertook the production of insect powder. After her death a 
pharmacist of Ragusa continued her work. 

According to Linke (173) Persian insect powder was introduced 
into Kurope in 1846, at Vienna, by Zacher] of Tiflis. Willemot (294) 
states that the first powder of Pyrethrum was introduced into France 
for the destruction of certain household insects in 1850. The powder 
came exclusively from provinces of the Caucasus, Persia, and Dal- 
matia, that from the former being the best, according to the researches 
of Willemot. 

This powder was introduced into the American drug market 
shortly before 1860 (1). Owing to the fact that no figures on the pro- 
duction in this country are available, and the importation statistics 
are incomplete, the total amount consumed in the United States can 
not be accurately stated, but it is certainly in excess of 500,000 pounds 
annually. According to the committee on the drug market of the 
American Pharmaceutical Association (159,160,191), the importa- 
tion of insect flowers and powder at the port of New York for the 
fiscal years 1885 to 1887, inclusive, was as follows: 

TaBLE 1.—Importations of insect flowers and powder at the port of New York, 1885 to 1887. 


Product. 1885 1886 1887 
Pounds. Pounds. Pounds. 
IMSECiaiLOw elSmeascoet ey ee tote PE de ath eles gates 4 165, 505 240, 170 262, 000 
“ELF TD ALISIP. Sa ae ee geal Me tn en eRe 456, 609 302, 817 335, 000 


SHOUDL See eG eG Se seen eee =e teins See Nm eating OOS ark eda 622,114 542, 987 597, 000 
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In 1913 not less than 200,000 pounds of insect flowers and stems 
were imported at the port of New York from Europe, and in addition 
large quantities were imported at Baltimore and other ports. In 
1914, Japan (292) alone sent directly to the United States 379,873 
pounds of flowers, and during the fiscal year 1917 (June 30, 1916, to 
July 1, 1917) the total importation was 1,504,000 pounds. During 
the recent Great War, the European supply was almost entirely 
cut off. 


CULTIVATION AND HARVESTING OF INSECT FLOWERS. 


An account (5), written in 1856, describes the Pyrethrum plants 
as growing wild in the Caucasian Mountains at an elevation of from 
4,500 to 6,800 feet above sea level. These plants blossom in June, 
and are harvested on a dry day, when an efficient cutter can collect 
from 30 to 80 pounds a day. The flower heads are usually dried in 
the sun, although they act more powerfully when the drying is done 
in the shade. 

Several authors (150, 257,261) have described the cultivation of 
insect flowers in Dalmatia. According to a communication, under 
date of November 13, 1915, from Benjamin F. Chase, United States 
consul at Fiume, the insect powder there is made from the 
blooms of a wild chrysanthemum (Pyrethrum cinerarizfolium Trevi- 
ranus) which grows in profusion on the east side of the Adriatic Sea, 
from southern Croatia to Montenegro, on the Dalmatian coast, in 
Herzegovina and Albania. The annual production for all of this 
territory is given at from 150 to 200 metric tons. That exported 
is sent chiefly from Trieste, very little going out from Fiume. 
With the development of the trade in insect powder has come 
a cultivation of the wild variety. The plant grows best in rocky 
and barren hills with little soil, especially in limestone formations. 
Humid or deep soil is not favorable for its growth. Warm and 
dry weather is supposed to be best, not only to develop the wild 
plant but to give it its special insecticidal virtue. The cultivated 
plant does not produce well the first year, but starts the second year, 
and, if well cared for, continues to grow from the same root for 20 
years. It begins to bloom in May, and is first harvested in early 
June. One hectare (2.47 acres) of the cultivated variety yields 
111,100 plants, producing 2,000 kilograms (4,412 pounds) of dry 
blooms. The bloom is in best condition for making the powder if 
cut before opening, or in the “bud.” It is cut off just beneath the 
head. After cutting, the blooms are spread on cloths and dried in 
the sun. When thoroughly dry they are ground into a fine powder 
by revolving stones, or by crushers working vertically. The finest 
quality powder is that obtained from the “buds” or the unopened 
wild blooms in the region of Krivosije, Dalmatia. The second 
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italia: that from half-opened blooms, comes from Cittavecchia, 
Dalmatia. The third, from the full blooms, is produced in Ragusa, 
Dalmatia. The ‘‘buds’’ used in making the first-quality powder 
are very small, 6 to 8 millimeters in diameter, and look like a large 
chamomile flower. The cultivated plants bear flower heads with a 
diameter of from 8 to 10 millimeters, having the rays very close 
together and covering the crown, being again covered by involucral 
bracts. Powder of the third quality is prepared from flower heads 
with a diameter of from 10 to 12 millimeters, almost disclike in form, 
many of them being without ray florets. 

After the nature of insect powder became known, the cultivation 
of Pyrethrum was taken up in several countries. The growing of 
Pyrethrum roseum, introduced into France about 1856, is described 
by Willemot (294), and Heckel (123) discusses the cultivation of 
Pyrethrum cinerarizfolium in the botanical garden of Marseilles 
since 1900. The cost of harvesting the flower heads is the great 
obstacle to the remunerative growing of the plants in southern France. 

In Germany Pyrethrum rosewum and carnewm are reported by 
Schenck (242) as growing well as early as 1859, and their cultivation 
there was described in detail by Pauckert (209) in 1866. According 
to Siedler (258), however, experiments made under the direction of 
the Agricultural High School on the cultivation of different insect- 
powder-producing species of Chrysanthemum near Berlin in 1886 
were without favorable results. In May, 1912, another effort was 
made to grow the C. cinerarizfoluum in Germany by planting some 
seeds from Dalmatia in the garden of the Pharmaceutical Institute 
of Berlin University. The winter of 1913-14 killed more than one- 
half of the plants, only a few being left after the winter of 1914-15, 
but Siedler (258) believes the cultivation of Pyrethrum near Berlin 
can be made profitable if proper care is taken. 

Kalbruner (151), in 1874, stated that in Austria Pyrethrum roseum 
and carneum were frequently seen in gardens, and their cultivation in 
that country was described in 1889 by Labler (166). The cultiva- 
tion of C. cinerarizfolium at Korneuburg near Vienna is taken up 
in an article by Kuraz (165). 

Semenoff (253), in 1878, stated that in the Caucasus the produc- 
tion of Persian insect powder, made from the flowers of Pyrethrum 
roseum and carneum, amounted to about 720,000 pounds annully 
in 1850, but that 20 years later it had decreased to less than one-third 
of this figure, due to the competition of the Dalmatian powder. The 
flower heads are collected from wild-growing plants in June and July, 
and are dried first in the sun and then in the shade. 

Simmonds (259), in 1891, reported that the Pyrethrum Willemotii 
(the name given to P. cinerarixfolium by Willemot) succeeds well 
in Algeria. Blin (81) described the cultivation of Pyrethrum at the 
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botanical station of Rouiba, Algeria, in 1903. From 500 to 900 kilo- 
grams (1,100 to 1,980 pounds) of dry flowers per hectare (2.47 acres) 
are obtained, depending upon the soil and the variety of Pyrethrum. 

Pyrethrum cinerarixfolium has been grown successfully in Gipps- 
land, the southeastern district of Victoria, Australia, by Paul Klee- 
sattel (17). The seeds were obtained from Zara, Dalmatia, and the 
plants are of the true Dalmatian type. Some powder prepared 
from the flowers of these plants is said to have killing properties de- 
cidedly above the average. The cultivation of Pyrethrum in Victoria 
is described in a Melbourne agricultural paper (154). Hellier (126) 
sowed some seed of the Pyrethrum Willemoti in 1872 at Grahams 
Town, Cape Colony, and also distributed packets of the seed. It 
erew well, and its insect-destroying power was ‘‘something extraor- 
dinary.”” In 1883 Hellier distributed more seed, and in 1890 he 
reported that there were good specimens of plants at Waterford, in 
various places in Kaffraria, and near King Williams Town. 

MacOwan (184), of the Cape Town Botanic Garden, points out 
that Pyrethrum cinerariexfolium thrives best on an open, dry soil, 
not too clayey, as both the seed and the plant are easily killed by 
excessive moisture. The seed, which is sown about half an inch be- 
low the surface, germinates in approximately 30 days. As soon as 
the plants can be handled they are placed 6 inches apart, and three 
months later, 1 foot apart. The flowers are produced in the second 
year. In the same article it is stated that the plant appears to 
stand the winter in sandy loam in the south of England, but has not 
been observed to flower freely. 

In Japan the Pyrethrum cineranefolium has been grown for some 
time, and the manufacture of insect powder is a well-established 
industry. The following information as to its cultivation there was 
furnished by George N. West, American consul at Kobe, under date 
of March 22, 1915: 


The species of Pyrethrum cultivated in Japan for the manufacture of insect powder 
is Chrysanthemum cinerarixfolium (white flower, commonly called ‘ Dalmatia”’). 
The Chrysanthemum roseum (red flower, commonly called “ Persia’’) is also cultivated 
to a small extent, not only for the same purpose, but for the beauty of its charming 
flowers. 

None of thespecies of Pyrethrum are natives of Japan, but have been introduced from 
foreign countries. As to their introduction, it is hard to say exactly, but the following 
are some of the most reliable traditions: 

1. During the year 1881, insect powder was first imported by one Tasaburo Shimidzu 
of Osaka from Bays (?) & Co., of England, through Morff & Co. of Kobe. 

2. Between the years 1884 and 1885 the seeds were imported from Dalmatia and 
cultivated by Ei-ichiro Murakami of Yasudamura, Arita County, Wakayama Pre- 
fecture. 

3. When Georg Hicotrust (?) was a consul for Austria in Japan, he at one time 
visited Nikko with a view of admiring the natural beauty ofthe place. It wasautumn 
and the chrysanthemum flowers were blooming profusely along the sides of the road. 
He thought they looked like the chrysanthemum of his native country which was 
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used for killing insects, and was surprised to see such a plant growing wild in Japan. 
He then imported from Austria a small quantity of the seeds which were sent to 
Wakayama in 1886. 

4. While Professor Tamari, present director of Kagoshima Higher Agricultural and 
Dendrological School, was a student in the United States, he sent some seeds from the 
California Agricultural School and the California Agricultural Experiment Station to 
Komaba (near Tokyo) Agricultural College. The seeds were planted there, and were 
thence distributed to every part of Japan. 

The plants are chiefly cultivated in the prefectures of Wakayama, Aichi, Okayama, 
and Hiroshima, of which the plantations in Wakayama Prefecture are most progressive. 
Hence the following method of plantation is principally taken from that of this 
prefecture: 

The seed time is twice a year—spring and autumn. When the seeds are sown in 
the spring the flower does not open in the same year, and therefore in warm districts 
autumn planting is considered best. Generally in the latter part of September or Octo- 
ber acold bed is prepared, and one-half gill of the best selected seeds, mixed with ashes 
of wood or fine sand, are sowed on each tsubo (about 4 square yards), covering the whole 
surface slightly with well-sieved fine earth or sand. Then the surface is pressed with 
boards and covered with straw or rice hulls, in order to keep the earth from becoming 
toodry. About 10 days later, when germinated, the straw or hulls are taken off. The 
seedlings are then thinned out 2 or 3 times, according to thickness, in order to make the 
intervals between them from 14 to 24 inches. Five or six weeks after budding, when 
the seedlings have grown to a height of over 1 inch, a temporary nursery is prepared, 
and the strong seedlings are planted at intervals of 44 to 54 inches and the weak ones at 
intervals of 24 to 4 inches. The following spring they are transplanted to a ridge 2 
or 24 feet high, in a dry rice field, and to a ridge of 2 feet or of ordinary height in a 
vegetable field. The intervals between the seedlings when transplanted should be 
1 foot to 1 foot 3 inches. The fertilizers usually applied are 1,560 pounds of natural 
forest loam, 40 pounds of superphosphate of lime, 80 pounds of straw ashes, and 2,500 
pounds of human excrement and urine for each quarter acre. There are no special 
methods for plowing, weeding, and irrigation. The plants are propagated not only 
by seedlings, as just explained, but also by dividing the roots of the plants and trans- 
planting them. After 4 or 5 years the plants become too old, and will not bear many 
flowers, making it necessary to divide their roots or to sow new seeds. 

Sticky or clayey soil should be avoided. Sandy soil is preferable, because the water 
drains freely. The slope of a hill or reclaimed land may also be used when care is 
taken and it is fertilized well. No analysis of the soil is obtainable. While in the 
nursery, a solution of sulphate of ammonia in water is applied, in addition to the 
fertilizers already mentioned. After transplanting in the spring, the same solution is 
applied. The superphosphate of lime is also widely used. No manganese salt is 
applied as fertilizer, but most of the soil in Japan contains a small quantity of 
manganese. 

The flowers are generally harvested during the latter part of May or in June, during 
which period they are picked over four or five times. When harvested before the 
flowers are opened fully, the crop is comparatively small, but if harvested after full 
bloom, the strength of the powder for killing insects is lessened. Care should be taken 
to select the time of harvesting. The proper time is when the flower petals are fully 
opened, until their ends are on a level with the top of the calyx and the pollen is 
falling. Old men and women, carrying hand baskets, can easily pick the flowers 
by holding them between the middle and fore fingers, and by pressing down at the 
top of the flower with the thumb. By shaking up and down, the flowers are soon 
separated from the stem. A woman generally can pick the flowers at the rate of about 
40 to 50 pounds during the day. 
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In some districts a simpler method of harvesting is adopted. At the time of full 
bloom, the flowers, together with their leaves and stems, are reaped about twice, with 
a tool like a short-handled rake with comb-shaped teeth, and dried in the sun. It 
should be added that powder made from flowers picked by this comb-toothed instru- 
ment is either inferior or no good, for the reason that flowers in all stages of bloom- 
ing are thereby picked, whereas to obtain the full strength flowers must be picked 
at exactly the right stage of blooming, which can be done only by hand. 

The flowers picked are spread on straw mats and dried in a sunny place, exposed 
to the wind. Then they are moved to a drying room, which should have a good 
draft. Shelves, similar to those used in sericulture, are made by laying down 
rush screens or old newspapers on the top, where the flowers are arranged thinly and 
turned over twice or more a day. A few days later, when dried to a certain extent, 
they may be spread out thicker than at first. The drying is finished in 6 or 7 days. 
When there is no drying room, they are dried entirely in the sun. By adopting this 
system, a much greater quantity can be dried in a shorter time, although it 1s inferior 
in quality compared with that dried in the shade. Drying in the sun takes only three 
days in fine weather. If the drying takes too long, the flowers lose their strength 
Drying has reached the proper stage when the flowers can be roughly powdered by 
breaking them into small pieces upon rubbing with the thumb and forefinger. Arti- 
ficial heat is also applied at large factories, the standard of the heat being 150° F. 


In addition to the districts named by West, the provinces of K1-i 
and Mikawa are mentioned by Fujitani (89) as supplying flowers. 
Herrera (129) states that the C. cinerarixzfolium grows well in Mexico. 

Efforts to introduce the cultivation of Pyrethrum into this country 
were made by the United States Department of Agriculture as early 
as 1859. In that year Bishop (80) reported that 250 plants of Pyre- 
thrum caucasicum were in the course of cultivation in the Experimental 
and Propagating Garden at Washington, D.C. Markoe (188) de- 
scribes the growing of Pyrethrum roseum by Prof. Asa Gray in the 
Cambridge, Mass., Botanical Garden from seeds distributed by the 
Government in 1859. The seeds yielded by the American-grown 
plants were sown but did not germinate. The root stocks of the old 
plants, however, threw up shoots in the second year. Gray was of 
the opinion, that the cultivation of the plant could be made profitable 
in this country. In 1860 Abel (1) stated that he was informed by 
persons receiving some of this seed that the plants were in a flourish- 
ing condition. In the eighties the United States Department of 
Agriculture renewed its efforts to establish the cultivation of insect- 
powder-producing plants. In Washington, D. C., Riley (222) 
obtained good results. He distributed seed to correspondents in 
Alabama, California, Dakota, Georgia, Illinois, Indiana, Iowa, 
Kansas, Kentucky, Maryland, Michigan, Mississippi, Missouri, New 
Hampshire, New Jersey, New York, North Carolina, Ohio, Ontario, 
Pennsylvania, Vermont, and Virginia, but in all the States, except 
California, the results were unfavorable, due, apparently, largely to 
drought and bad seed. 
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On the other hand, better results were obtained by persons more 
familiar with growing plants. Thus Peter Henderson wrote Riley 
(222) regarding P. roseum: ‘‘T have grown the plant and its varieties 
for 10 years. It is of the easiest cultivation, either by seeds or 
divisions. It now ramifies into a great variety of all shades, from 
white to deep crimson, double and single, perfectly hardy here, and 
I think likely to be nearly everywhere on this continent.’”’ Pyre- 
thrum roseum was also grown successfully at Germantown, Pa., and 
at Archer, Fla. (222), from seed furnished by Riley. In 1884 Riley 
(225) reported success in growing Pyrethrum in Virginia and in 
Maryland, and in 1885 (226) in Arkansas and Florida. 

King (155), in 1886, reported the results of efforts to grow P. 
roseum in different States. At the Connecticut Experiment Station 
_ plants from seed sown in 1884 bloomed in 1885, and then died. At 
the Michigan station the seasons were too cool and short for the 
profitable growth of this plant. The New York station reported 
that ‘“‘the plants grew well, blossomed, and some of them matured 
their seed.’”’ At the Pennsylvania State College the plants did not 
bloom. An attempt to grow this plant in Massachusetts is described 
in the annual report of that station for 1889 (101). The seeds were 
sown in a hotbed, and subsequently transplanted in the field, but 
did not mature. In 1891 (102) and again in 1892 (103) it is reported 
that one row of P. roseum was grown in the field. Goff (104) planted 
seeds of P. roseum at the Geneva (N. Y.) Agricultural Experiment 
Station in the spring of 1887. The plants did not blossom the first 
season, and were counted as a failure, but in the second spring they 
started a vigorous growth, and bloomed profusely. The powder pre- 
pared from these New York grown flowers was just as active against 
flies as that from P. cynerarxfolium flowers grown in California. 
Green (105) in 1892 recommended P. rosewm as an ornamental plant 
desirable for planting in the region of the Minnesota station. In 1890 
Massey (192) announced his intention of trying the cultivation of 
P. roseum and cinerarizfolium at the North Carolina Agricultural 
Experiment Station, but nothing seems to have come of this. 

California is the only place in the United States where the cultiva- 
tion of Pyrethrum has reached commercial proportions. Coquillet 
(55) states that G. N. Milco introduced the Pyrethrum cinerarixfolium 
into California about 1870, and describes the cultivation of the plant. 
The amount of the present production of insect powder in California 
is not known, but in 1888 it was 52 tons.’ 

Klee (158), of the College of Agriculture of the University of Califor- 
nia, has carried on extensive experiments on the cultivation of Pyre- 
thrum. At the Southern Coast Range Culture Substation of the Uni- 
versity of California, in San Luis Obispo County, Cruickshank (59) in 


1Insect Life, v. 1, p. 356, 1889. 
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1891 reported that Pyrethrum seed sown in the fall grew, and that the 
plants blossomed a little, although the year was the hardest for 7 years, 
according to old residents. Shinn (256), of the same station, in 1897, 
reported on the cultivation of Persian insect powder plants (apparently 
P. roseum) as follows: ‘‘Plants endure the winter and bloom freely. 
They do not grow rapidly, however, and the culture would probably 
not be profitable here.’’ In the same report (p. 72) Pyrethrum is 
suggested as worthy of trial as a plant suitable for cultivation on alkali 
soil, but no experiments seem to have been made to test this idea. 
Both Pyrethrum roseum and cinerarizfolium are mentioned as being 
well established in the garden of the Southern California Culture 
Substation, in Chino Valley. Schrenk (248), quoting from Semler’s 
“Die Tropische Agrikultur,”’ describes the cultivation of (C. cine- 
ranizfolium in California by Dalmatians who had settled there. 
Within the past few years the C. cinerarizfolium has been success- 
fully cultivated at Madison, Wis., and at the Arlington, Va., Experi- 
mental Farm of the United States Department of Agriculture, and 
Halsted (112, 113) has grown hybrids of C. roseum and the field daisy 
(C. leucanthemum) in New Jersey. As said before, however, Cali- 
fornia is the only place in this country where the cultivation of 
Pyrethrum has continued on a commercial scale. 

Summary.—At present insect flowers are cultivated commercially 
in Dalmatia, Montenegro, Japan, Australia, Algeria, and California. 
The first three countries produce nearly all the flowers that enter 
into international trade. In 1907, 2,882,000 pounds, and in 1908, 
2,615,000 pounds of insect flowers were exported from Austria 
(165). Japan, in 1913, exported 349,225 pounds of insect flowers 
and 211,012 pounds of insect powder, and in 1914, 819,612 pounds of 
the flowers and 256,567 pounds of the powder (251). As for the 
wild insect flowers, it appears that Montenegro is the only country 
where they grow abundantly enough to be of commercial impor- 
tance, and even there the quantity is small, as, according to Jiittner 
(150), the whole Montenegrin production of wild flowers amounts at 
most to 15,000 kilograms (33,000 pounds) each year. 


PREPARATION OF INSECT POWDER. 


In one of the earliest accounts of insect powder (5) it is stated 
that the dried insect flowers are rubbed to a coarse powder with the 
hand, and then ground fine in a small mill. Willemot (294) gives 
directions for the pulverization of insect flowers in a mortar by 
simply rubbing them with a pestle. In order to prevent the escape 
of powder, the mortar should be provided with a leather covering 
through an opening in which the pestle moves. 
~ Coquillet (55) describes the manufacture of Buhach from the 
flowers of Chrysanthemum cinerarizfolium in California as follows: 


INSECT POWDER. 11 


Arriving at the mill the flowers (which have been thoroughly dried) are fed to a set 
of burr millstones, just as wheat is handled in making flour by the old process. The 
grist is carried by an elevator to a separator which, by proper sieves, separates the 
coarser particles of the grist, allowing only the finest, dustlike powder to pass through. 
This powder is carried by an elevator to an adjoining building, where it is put up in 
tin cans for the market, while the coarser particles thrown off by the separator are 
returned to the millstones. 

The flowers become heated while being reduced to powder, but the latter, in pass- 
ing through a large series of elevators, loses its heat to a great degree before it is 
put into the cans for the market. 

Slaus-Kantschieder (261), in 1913, described the preparation of 
insect powder in Dalmatia as follows: 

The flowers are prepared as powder in Dalmatia, as wellasin Trieste. The largest 
Dalmatian mills, located in Sebanico, are driven with electrical power from ‘“ Krka- 
fallen.’’ Further, several smaller concerns in Zara, Ragusa, and upon the islands of 
“Mittel-Dalmatiens” carry on the grinding of the flowers. In Trieste the grinding of 
the chrysanthemum plants is carried on in about 10 mills, and this is the place where 
most of the adulteration occurs. 

In the United States, in addition to Stockton, Calif., where Buhach 
is manufactured, insect flowers are ground on a large scale in Balti- 
more, Peoria, and New York, and to a smaller extent in Philadelphia, 
St. Louis, and other places. In most cases the older firms still use 
stone ‘‘chaser’’ mills, while the newer firms employ steel disc mills. 

A ‘‘chaser’’ mill consists simply of a pair of millstones joined by a 
horizontal axis which is connected with a vertical shaft. By means of 
power the shaft is turned, and the two stones roll around, one after the 
other, on a heavy block of granite. These millstones, which are also 
of granite, are about 24 feet in diameter by 8 inches thick, and weigh 
several hundred pounds each. Flowers imported into this country 
are received in bales done up in burlap, containing on an average 
about 440 pounds net each. The contents of the bales are emptied on 
the floor, and any large stones, which are sometimes added to give 
weight, removed. The flowers are then shoveled or dumped into the 
box which surrounds one of these stone chaser mills, where they are 
kept in the path of the revolving stones, which are mounted about 2 
feet apart, by means of arevolving arm. The flowers are soon reduced 
to a fine dustlike powder which in some mills is periodically shoveled 
out, and in others is removed from pockets in the sides of the inclosing 
box. The powder is so fine that it is carried up by the air currents 
produced by the revolving stones, and settles into pockets provided 
for that purpose. The top, as well as the sides of the mill, is boxed in 
very tightly to keep the powder from flying everywhere. After grind- 
ing, the powder is put through a sieve or bolted, and the tailings re- 
ground. In some cases a sieve of only 40 meshes to the inch is used, 
whereas other firms employ 110-mesh bolting cloth. 

The steel disc mill, used by some firms in grinding insect flowers, 
consists of a series of perforated steel discs with lugs on the edge which 
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revolve in a corrugated cylinder at a rate of from 3,000 to 3,500 revo- 
lutions per minute. The flower heads are fed into a hopper, either by 
hand or automatically through a chute, and are thrown with great 
force against the corrugations on the inside of the cylinder by the re- 
volving discs. The discs do not rub against each other or the cylin- 
der; the flowers are simply cut to pieces by the force of their impact 
against the sharp corrugations. In a mill of this kind the cylinder 
‘opens into a large box or cloth bag of close weave. If a box is used, 
it must be provided with a number of cloth ‘‘chimneys,’’ which may 
be supported by a wooden framework. The idea of the cloth is to 
hold in the fine insect powder while allowing the air, which is fanned 
into a very strong current by the revolving discs, to filter through. 

When flowers imported from Japan are ground it is necessary first 
to run them through a disintegrator, which consists commonly of a 
mill built like an ordinary large, coarsely-grinding domestic coffee mill. 
Before being shipped from Japan, insect flowers are wrapped in rattan 
or similar material, and compressed into as small a bulk as possible in 
apress. Ordinarily four of these little bales, each of which weighs about 
100 pounds, are wrapped together in burlap with metal bands and 
wooden strips for shipment. -The flowers are so compressed in these 
packages that the use of the disintegrator is necessary. From the 
disintegrator the flowers travel on a belt to a chute through which they 
fall to the floor below. An electromagnet is so arranged under the 
belt that particles of iron, like nails, which may be present in the bale, 
are removed as the flowers pass down the chute. On the floor below 
the flowers may be fed directly into the hopper of the disc mill, or they 
may be run first through a cutter, which further breaks them up and 
expedites the final pulverization. 

In either process the powder becomes quite warm in the grinding, 
thus losing part of its moisture, but not, apparently, any of its insecti- 
cidal constituents. This loss in moisture, together with a slight 
mechanical loss in the milling process, amounts to 6 or 7 per cent by 
weight of the flowers ground. 

In grinding insect flowers it is not customary to add any material 
to assist the pulverization. Nor, with the exception of large stones, 
which may have been added to the bale, and certain bits of iron which 
are taken out by an electromagnet, is anything removed from the 
flowers as they are received. Such foreign matter as stems, either 
adhering or loose, sand, and dirt is allowed to remain. 

In Japan the process of manufacture is as follows (292): The 
flowers are dried in the shade for one day in the summer, after which 
some 8 pounds are placed in a stone mortar and powdered for about 10 
hours. This powder is then put through a sieve, and dried by steam 
heat at from 80° to 90° for 4 or 5 hours in a drying room. When well 
dried it is packed in tin containers. In the sieving process from 20 
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to 25 per cent of the powdered flowers remain in the sieve. This refuse 
is not used in the best quality insect powder, but some manufacturers 
repowder it and mix it with the fine good powder. Mixed with the 
powdered leaves and stems of the Pyrethrum plant, it is used also as 
a smudge for mosquitoes and flies. 


EFFECT OF INSECT POWDER ON INSECTS.!' 


In the account of the discovery of the nature of insect powder by 
Sumttoff (5) no details are given as to its use. It is simply stated 
to be one of the most active means of protection against harmful 
insects, ‘‘attracting them by its characteristic odor and then numbing 
and killing them, but to man and larger animals it is entirely harmless.”’ 

Noodt (205), in 1858, wrote: 

The powder has the property of numbing all insects in a short time and subsequently 
killing them. Strewn in the room and in the bed it is a poison for lice, fleas, bugs, 
flies: mops, ete...” . *... 

In the collection of insects it has been used for a long time not only to quickly kill 
them but also to protect them against other insects, and it can be recommended not 
only for this use hut also in herbariums and other natural history collections, since 
ants also quickly die from it. 

In 1858 Browne (88) recommended the trial of Persian insect 
powder, or a decoction of it, against the scale of orange trees (Coccus 
hesperidum), but the test does not appear to have been made. This 
is the first use of insect powder against a definite insect suggested in 
the United States, and the first time it is spoken of for use on fruit 
trees. About the same time Willemot (294) records the results of ex- 
periments on the destruction of noxious insects in France with 
Pyrethrum. 

Glover (99), in 1864, described the first experiment recorded in 
this country on the insecticidal efficiency of Persian insect powder: 

This powder had a curious effect on some Croton roaches we were experimenting 
with; when sprinkled over them or placed in a circle and they made to pass over it, 


for a few steps they appeared very lively, but soon staggered, and after a few struggles 
fell over and soon ceased to live. 


Saunders (239), in 1879, was one of the first to describe the effect 
of insect powder upon house flies and green aphis. About the same 
time Carpenter (44) published the results of his experiments with 
Pyrethrum on different insects. As aresult of these experiments, he 
states that ‘all insects having open mouth parts are particularly 
susceptible to this powerful drug.”” Howard (138), in 1882, described 
the effect of Pyrethrum upon the heartbeat of Plusia brassice (cab- 
bage worm). 

A great amount of work has been done since 1879 by the United 
States Department of Agriculture and the various agricultural ex- 

1 The statements given under this heading are merely quotations from the literature and are included 


for their historicinterest. They are not to be taken as representing the present opinion of the Department 
of Agriculture concerning the efficacy of this product. 
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periment stations in testing the efficacy of insect powder in destroying 
or repelling harmful insects, but a review of such work would be for- 
eign to the purpose of this bulletin. Those interested may consult 
the following list of references to recorded tests given in the bibli- 
ography (p. 83): 2, 3, 9, 11, 26, 27, 28, 35, 36, 38, 44, 46, 49, 51, 52, 53, 
54, 55, 56, 61, 65, 66, 71, 72, 75, 87, 94, 96, 97, 98, 99, 100, 104, 120, 
125, 128, 129, 138, 141, 148, 149, 151, 157, 165, 167, 171, 176, 178, 
192, 193, 195, 200, 201, 203, 207, 208, 211, 217, 218, 221, 223, 
224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 241, 258 262, 263, 
264, 270, 271, 272, 290, 291,294. For alist of other articles on the use 
of insect powder against different insects, see “Bibliography of the 
More Important Contributions to American Economic Entomology,” 
published by the United States Department of Agriculture, Bureau 
of Entomology, Washington, 1890-1905. The “Index to the Liter- 
ature of American Economic Entomology,” published by the Amer- 
ican Association of Economic Entomologists, 1917, gives references 
from 1905 to 1914. 

On looking over the literature it will be noted that the results of 
the various investigators of the powder differ in many respects. 
Some claim that the powder must be taken internally to be effective, 
while others state that it kills by external contact. In many cases 
the reported failures of the powder were no doubt due to the fact 
that a powder adulterated with powdered stems was used in the tests, 
the experimenter accepting, as pure, commercial powders the compo- 
sition of which he had no way of knowing. 

At present insect powder is used largely against bedbugs, cock- 
roaches, ants, flies, mosquitoes, and certain other household insects, 
as well as plant lice, and fleas on pet animals. 

Although insect powder is an efficient insecticide against many 
insects, it appears that the plant from which it is made is not free 
from insect enemies. In 1884, W. Allan, of Baltimore County, Md., 
sent Riley (225, p. 416) specimens of Macrodactylus subspinosus, found 
on Pyrethrum plants in large numbers and apparently eating both 
leaves and flowers, and Chauliognathus marginatus, not so numerous 
and apparently attracted chiefly by the flowers. Riley states that 
a number of insects are known to feed on Pyrethrum while it is grow- 
ing. In 1890 Riley (229) again called attention to the fact that the 
Macrodactylus subspinosus, or rose chafer, devours the blossoms of 
the Pyrethrum cinerarizfolium. This fact, however, does not seem 
so surprising, as, according to Smith (263,264), insect powder is 
entirely ineffective against the rose chafer. 


EFFECT OF INSECT POWDER ON ANIMALS. 


While it is generally considered that insect powder is harmless to 
the higher animals, a number of cases where it has produced symptoms 
of a more or less serious nature are recorded. 
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As early as 1858 Boucard (34) described the case of a woman, 
who had strewn much insect powder upon her bed, being taken with 
a headache, roaring in the ears, bloating of the face, pain in the 
stomach, nausea, sweating, and symptoms of syncope. About the 
same time Von Wiggers (8) abstracted a report by an anonymous 
writer of a case in which a man and his son who had scattered Persian 
insect powder in their beds passed a restless night, during which 
they suffered from painful dreams, and the next day had bad head- 
aches. In 1884 Riley (225), in speaking of the supposition that 
Pyrethrum has no effect on the higher animals, stated his own experi- 
ence in which the fumes of the powder in a closed room inten- 
sified sleep and produced stupor. Coquillet (55) states that insect 
powder has no injurious effect upon human beings. 

It appears also that there is a difference of opinion with respect to 
the action of Pyrethrum when taken into the stomach. Milco wrote 
Coquillet that a teaspoonful of the alcoholic extract of Buhach was 
administered to a certain person afflicted with tapeworm. The dose 
was repeated every hour for 10 consecutive hours, as a result of which 
the tapeworm was removed without injuring the patient in the least. 
On the other hand, Noodt (205) states that taken internally insect 
powder was inactive against the tapeworm, but against Ascarides it 
was effective when a concentrated infusion was used as a clyster. 
Likewise an injection of this powder against maggots in the outer 
ear passages had a remarkable effect. Tests showing anthelminthic 
properties in the flowers of P. rosewm and carneum are recorded by 
Schipulinsky (244) in 1854, and Frontali (88) records the same for 
the flowers of C. cinerarizfolium in 1858. 

According to the Chemist and Druggist (21), an American doctor 
in 1898, through an accident to a child, found that insect powder 
has anthelminthic properties. In 1888 Holmes, in discussing a 
paper by Kirkby (156), reported a case from Hull, England, where 
a man had died from the effects of insect powder, but whether the 
death was due to the powder itself or to some adulterant was not 
determined. Schlagdenhauffen and Reeb (246) record the poison- 
ing of 7 persons in 1889 from 1 pound of insect powder which had 
been strewn in their beds. Bosredon (33), in 1897, recorded an 
instance of poisoning with insect powder. An infant, aged 11 months, 
playing with a cardboard box of the powder, broke the lid, which scat- 
tered the powder into the eyes, mouth, and nostrils. When medical 
aid arrived convulsions and vomiting had set in, the heartbeats were 
feeble, and the respiration slightly quickened. After carefully re- 
moving the adherent powder, an emetic of ipecacuanha produced 
free vomiting, and, except for slight inflammation of the conjunctiva, 
the patient quickly recovered. Additional cases of poisoning with 
insect powder are described by Mendelsohn (194), Ferrand (81), and 
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the Chemist and Druggist (16). In the only fatal case the patient, 
a little girl, 2 years old, had eaten about half an ounce of the powder. 

Certain species of Chrysanthemum are used as medicine in various 
countries. Eastes (74) states that C. parthenium is official in the 
French Codex, and is reputed to have tonic, stimulative, sudorific, 
diuretic, antipyretic, emenagogic, and anthelminthic properties. 
According to Henry (127) many chrysanthemums are used as medi- 
cine in China. A case of poisoning with C. wndicum is described by 
Hoffmann (135). In the report of Remington (215) on the Centen- 
nial Exhibition, the flowers of Chrysanthemum album and flavum are 
said to be used in China for flatulency, and Pyrethrum parthenwum 
is included in a list of drugs from Chile, although its use is not given. 
Stearns (266) lists Chrysanthemum leucanthemum and Pyrethrum 
parthenvum as plants whose flowers were used in medicine by the 
natives of Michigan in the fifties. Sato (236) speaks of insect powder 
(made from flowers of C. cinerarizfolium) being used in medicine, 
as well as for insecticidal purposes. 

In regard to the effect of insect powder upon mammals other than 
man, Riley (225) cites a case in which the powder was copiously 
rubbed on a dog, as a result of which the animal became sick, being 
affected in the locomotive organs very much as insects are. Car- 
ruthers (45) states that Pyrethrum wodorum is credited with producing 
lasting injury to the digestive organs of stock by damaging the lining 
of the stomach, and causing death when eaten in large quantities. 
Coquillet (55) reports that horses fed upon the dried stems of the 
Pyrethrum conerarrvefolium plant appeared to relish it very much, 
and were not injured in the least by it. Im 1880 Sayre (240) per- 
formed experiments showing the toxic action of insect powder made 
from the flowers of Pyrethrum roseum upon tadpoles. Fujitani (89) 
and Reeb (214) record experiments made upon frogs, fish, dogs, and 
other animals with what they regarded as the active principle of 
Pyrethrum flowers. These tests, however, were made with extracts 
of the flowers and after certain chemical treatment, so that the 
results obtained are not strictly comparable with the action of in- 
sect powder itself. eS 


ADULTERATION OF INSECT POWDER. 


Insect powder appears to have been extensively adulterated from 
the time it first entered into commerce. The fact that its nature 
remained unknown until 1818, when Sumttoff discovered that it 


was made by pulverizing the flower heads of certain species of ~ 


Pyrethrum, and the fact that the active insecticidal constituent has 
not been definitely determined up to the present, rendered the fixing 
of an exact standard difficult. Sophistication has been correspond- 
ingly easy. 
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In 1851 Koch (161) noted that in Transcaucasia the Persian insect 
powder is adulterated with flowers of Pyrethrum corymbosum and 
other similar plants, and in Germany with chamomile. De Visiani 
(67), in 1854, mentioned the flowers of the common chamomile, 
Anthemis cotula, Anthemis arvensis, and Spartuum junceum, as 
adulterants. In one of the earliest accounts of the nature of insect 
powder, that of Noodt (205), written in 1858, it is stated that the 
producers, in order to satisfy the great demand for the product, 
grind not only flowers, but also stems and leaves, thereby detracting 
from the quality. He states that merchants in Germany also were 
in the habit of mixing fresh consignments with old, long-kept goods 
which had deteriorated with age. Schenck (242), in 1859, noted 
the use of German chamomile as an adulterant. 

In 1861 Willemot (294) said that the numerous adulterations 
which insect powder imported into France between 1850 and 1860 
had undergone prevented the public from appreciating its efficacy. 
He mentioned the following as having been found in various powders: 
Sumac powder, jalap, cockle of Levant, nux vomica, and arsenic. 
Abel (1) reports that Persian insect powder was adulterated with 
fleabane and chamomile flowers at the time of its introduction to the 
American market, shortly before 1860. 

Schlotshauber (247), in 1862, found the Persian powder to contain 
a variety of Pyrethrum corymbosum W., Pyrethrum tenurfolium 
Tenore, and a variety of Anthemis arvensis Linn. . Landerer (167, 
168), in 1875-1877, mentioned the following as adulterants: Anthemis 
cotula, Chrysanthemum segetum, Matricara parthenvum. In 1875 
Miller (196) reported that old-stock German or Roman chamomile 
flowers were ground up with insect powder. 

Lead chromate as an adulterant appears to be first mentioned by 
Grote (108) in 1880. In the same year, Kral (164) reported finding 
a number of samples colored with curcuma, but none with lead chro- 
mate. Howie (139), in 1883, gave a method for the detection of 
fustic, which he found as an added coloring matter in insect powder. 
At a meeting of the Liverpool Chemists’ Association in March, 1883, 
Conroy (50) exhibited samples of imported insect powder which were 
heavily adulterated with fustic. Schwarz (250), in 1888, reported 
finding a sample colored with an alcoholic solution of curcuma. 

Mason, in discussing a paper by Kirkby (156), reports having had 
a sample of ‘‘ Dalmatian insect powder”’ which contained 60 per cent 
of sumac and 30 per cent of chamomile. Howie, in the same article, 
mentions that he found a large proportion of potato starch in a cheap 
powder. 

Unger (282, 283, 284), 1888-1890, found the following adulterants 
in insect powder: Pyrethrum stems, barium chromate, lead chro- 
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mate, curcuma, and Chrysanthemum leucanthemum (Hungarian 
daisy). Schrenk (249), in 1889, also mentioned the Hungarian 
daisy, sometimes known as the Russian daisy, as an adulterant. 
He stated that starch is a very common adulterant. Beringer (29), 
in 1889, reported that insect powder brought into America was 
extensively adulterated with the Hungarian daisy, and that the 
ground stems and leaves of the Pyrethrum plant were also used as 
adulterants. Hart (119), in 1888, reported yellow ocher and wheat 
starch as adulterants. 

In the same year, Marpmann (190) reported the use of the pow- 
dered root of Veratrum album as an adulterant of insect powder. 

Thompson (273), in 1891, examined 7 samples of insect powder 
put out by American manufacturers, 2 of which were adulterated 
with lead chromate. Verneau (285), in 1892, listed the adulterants 
of insect powder as follows: Croton flavens, Anthemis cotula, Chrys- 
anthemum segetum, Matricaria parthenium, Tanacetum vulgare, 
Chamomile romaine, Chrysanthemum leucanthemum, and wheat 
starch. Jelliffe (148), in 1895, spoke of the extensive adulteration 
by means of the stems of the Pyrethrum plant, and proposed methods 
for the detection of stem tissue in a powder. Caesar and Loretz 
(42) report that in their examination of commercial insect powders 
they have noted the following adulterants: Quillaja, euphorbium, 
powdered whole chrysanthemum plant, quassia, powdered aloes, 
senna leaves, Hungarian daisy, saffron, and lead chromate. . 

In 1899, Huber (142) found 2 out of 5 brands of insect powder 
examined to be adulterated with ground oxeye daisy flowers. 
Tschirch and Oesterle (281) give C. coronarwum and Inula pulicaria 
in addition to many of the flowers previously mentioned as being 
used as adulterants. Collin (47) identified a sample of ‘“‘false”’ in- 
sect flowers as Chrysanthemum pallens. 

Hockauf (134), in 1903, listed the following adulterants of insect 
powder: Flowers of different species of Chrysanthemum (Chrysan- 
themum leucanthemum, C. corymbosum, C. inodorum, C. indicum); 
different species of Anthemis (Anthemis arvensis, A. tinctoria, A. 
cotula); and Helichrysum italicum. In the same year Jean (147) 
stated that he had found potassium chromate and sawdust in com- 
mercial insect powder, and Haywood (122) gave the results of the 
examination of 105 samples, 19 of which were found to be colored 
with lead chromate in amounts ranging from 0.12 to 1.47 per cent. 

Hanausek and Winton (118) give the following as adulterants: 
Heads of Chrysanthemum leucanthemum, Helichrysum arenarium 
DC. (Flores Stechadis citrine, yellow cat’s paw, hour-glass weed, 
yellow-moth weed), and the stems and leaves of Chrysanthemum 
cinerarizxfolium. H. Wippell Gadd and Sydney C. Gadd (90), in 
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1905, mentioned turmeric and chrome alum as adulterants, and gave 
methods for their detection. Three years later Grieb (107) found 
a sample adulterated with borax. 

In 1912 Linke (173) mentioned the following: Pyrethrum stems, 
flowers of other species of Chrysanthemum, calendula flowers, 
curcuma, lead chromate, barium chromate, euphorbium, and quillaja 
bark. He stated that the last two are added to increase the aroma 
of a powder. In the same year Sattler (238) reported lead chro- 
mate as an adulterant. 

Jiittner (150), who visited the insect-powder-producing regions 
of Dalmatia and Montenegro in 1912, calls attention to the extensive 
erinding of Pyrethrum stems in those countries. In order to make 
this stem powder correspond in color to the genuine insect powder, 
lead chromate is used, and, to increase the odor, from 1 to 2 per cent 
of pepper powder is sometimes added. 

Siedler (150) mentions another substance used to color insect 
powder, namely, yellow wood, or the heartwood of Chlorophora 
tinctoria. He mentions also Pyrethrum indicum, Bellis perennis, 
Tanacetum vulgare, chamomile, quassia powder, pepper, powdered 
aloes, euphorbium powder, senna leaves, and flowers of ‘‘ Margherita 
silvatica’”’ as adulterants. The last name is unknown in botanical 
nomenclature, and Siedler considers it to be a fantastic designation 
for an unknown adulterant. Marguerite, however, is a common 
name for C. frutescens, which may be the flower meant. In a later 
article Siedler (257) stated that, compared to adulteration with 
stem powder, adulteration with foreign flowers is insignificant. 

Slaus-Kantschieder (261), in 1913, stated that in Dalmatia the 
most usual form of adulteration of insect powder consists in grinding 
with the flowers a part of the flower stems called ‘‘stecco.’’ Lead 
chromate, barium chromate, powdered bricks, starch, curcuma, and 
powdered almond shells are also mentioned by him as adulterants. 
Benjamin F. Chase, United States consul at Fiume, under date of 
December 15, 1915, reported that in Dalmatia it is customary to add 
5 per cent of borax to the inferior grades of insect powder. 

In addition to the powdered stems of the Pyrethrum plant, which 
have been the most extensive means of adulteration, other adulterants 
detected in the Insecticide and Fungicide Laboratory during the past 
6 years have been lead chromate, potassium chromate, barium chro- 
mate, curcuma, sand, leaves of the Pyrethrum plant, and oxeye 
daisy flowers (Chrysanthemum leucanthemum). 

Roark and Keenan! have made a special study of the adulteration 
of insect powder with powdered oxeye daisy flowers, and have de- 
scribed means for its detection. 


1U.S.Dept. Agr. Bull.795,issued July 28, 1919. 
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SUMMARY. 


Substances that have been used to color or adulterate insect ~ 


powder may be classified as follows: 


To give color: 
Lead chromate. 
Barium chromate. 
Potassium chromate. 
Curcuma (turmeric, the root of Curcuma longa L.). 
Fustic (wood of Chlorophora tinctoria L.). 
Saffron (dried stigmas and tops of the styles of Crocus sativus L.). 
Yellow ocher. 
Other species of flowers: 
Pyrethrum corymbosum W. 
Pyrethrum tenuifolium Tenore. 
Pyrethrum indicum. 
Chrysanthemum segetum. 
Hungarian daisy, Russian daisy, oxeye daisy (Chrysanthemum leucanthemum). 
Garden daisy (flowers of Bellis perennis L.). 
German chamomile (dried flower heads of Matricaria chamomilla L.). 
Roman chamomile (dried flower heads of Anthemis nobilis L.). 
Corn chamomile (Anthemis arvensis L.). 
Mayweed (Anthemis cotula L.). 
Feverfew (Matricaria parthenium L. Synonyms: Chrysanthemum parthenium (L.) 
Pers.; Pyrethrum parthenium Sm.). 
Croton jlavens. 
Tansy (leaves and tops of Tanacetum vulgare L.). 
Calendula, marigold (dried ligulate florets of Calendula officinalis L.). 
Yellow cat’s paw, hourglass weed, yellow-moth weed (Helichrysum arenarium 
DC. Flores Stxchadis citrine). 
‘““Marzherita silvatica” (Chrysanthemum frutescens). 
Chrysanthemum coronarium. 
Inula pulicaria. 
Chrysanthemum pallens (‘‘false insect flowers’’). 
Chrysanthemum inodorum. 
Anthemis tinctoria. 
Helichrysum ttalicum. 
Anthemis cotula. 
Spartium junceum. 
Miscellaneous adulterants: 
Almond shells. 
Aloes (inspissated juice of leaves of various species of aloes). 
Arsenic. 
Borax. 
Brick dust. 
Chrome alum. 
““Cockle of Levant.”’ 
Euphorbium (gum-resin from Euphorbium resinifera Berg.).. 
Fleabane, horseweed (leaves and tops of Erigeron canadensis L.). 
Hellebore (powdered root of Veratrum album). 
Jalap (dried tuberous root of Exogonium purga (Wend.) Benth.). 
Nux vomica (dried, ripe seed of Strychnos nux vomica L.). 
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Miscellaneous adulterants—Continued. 

Pepper. 

Quassia (wood of Picrasma excelsa (Swartz) Planchon; and of Quassia amara I..). 

Quillaja, soap-bark (dried bark of Qwillaja saponaria Molina, deprived of its 
periderm). 

Sawdust. 

Senna leaves (dried leaves of Cassia acutifolia Delile; or of Cassia angustifolia 
Vahl.). 

Starch, potato. 

Starch, wheat. 

Starch, variety not specified. 

Stems and leaves of insect powder plant. 

Sumach (dried fruit of Rhus glabra L.). 


HOW TO DETECT ADULTERATION. 


The methods which have been used in determining the genuineness 
of insect powders may be classified in 3 groups: 

1. Physvological.—The powder to be tested is tried out directly on 
one or more species of insects, and the time necessary to produce 
death compared with the time in which the same quantity of a known 
genuine insect powder will kill the insect. 

2. Microscopical.—Adulterants are detected by observation 
through the microscope, either with or without staining or other 
preliminary chemical treatment. 

3. Chemical.—The ash, ether extract, and other chemical deter- 
minations are made and the results compared with the average values 
for genuine powders. 

PHYSIOLOGICAL METHODS. 


Kalbruner (151), in 1874, was the first to record the physiolog- 
cal testing of insect powder. He states that 4 grains of a good 
insect powder sprinkled on a fly in a vial should produce stupor in 
1 minute and death in 2 or 3 minutes. Testing a number of commer- 
cial powders in this manner, he found that from 15 to 30 minutes 
were required to kill flies. Flowers representing a number of 
species of plants, as well as the powdered stems and leaves of Pyre- 
thrum roseum and cinerarizfolium, were tested in this way, and 
found to be quite worthless, as compared with genuine insect powder. 

In 1876, De Bellesme (63), in his research on the active principle 
of Pyrethrum, in order to show that its action was not the mechanical 
one of closing the pores of an insect, sprinkled flies with insect powder 
and also with powdered leaves, wood, and various other inert sub- 
stances. Those sprinkled with the Pyrethrum powder were almost 
dead after 1 hour, while those left for 10 hours in the inert powders 
were uninjured. 


22 BULLETIN 824, U. S. DEPARTMENT OF AGRICULTURE. 


In 1880, Sayre (240) tested the effect of the flowers of Pyrethrum 
roseum on flies and tadpoles. Unger (282), in 1888, while exam- 
ining insect powders, made use of Kalbruner’s ‘‘fly test.’? He, how- 
ever, used a weighed amount of powder placed on a sheet of white 
paper, over which the insect was imprisoned with a glass. Tested 
against Blatta orientalis (Oriental cockroach or black beetle) and 
Acarus faring in this manner, the powder from both the P. cinerarizx- 
folium and the P. rosewm killed the insects in about 45 minutes. 
About the same time, Goff (104), in America, made tests with P. 
cinerarizxfolium grown in California and a powder prepared from the 
flowers of Pyrethrum roseum, grown in New York from seed received 
from the United States Department of Agriculture, to determine 
the relative time required to paralyze flies. These tests indicated 
that the powder made from P. roseum was slightly more effective. 

Hirschsohn (133), in 1890, while investigating the active constituent 
of insect powder, tested the activity of the powder by trying it on 
roaches. ‘Two of the samples under investigation paralyzed roaches in 
3 minutes. From his tests on Blatta orientalis, Thoms (275) con- 


‘cluded that the physiological test was surer than either the micro- 


scopical or chemical test in arriving at an estimation of the worth 
of a powder. 

In 1895, Jelliffe (148) tested the action of insect powder on the 
common house fly (Musca domestica), the Croton bug or cockroach 
(Blatia germanica), the bedbug (Cimex lectutarius), and some black 
beetles (species undetermined). 

Dowzard (71), in 1899, conducted some tests on cockroaches. 
Slaus-Kantschieder (261), in 1913, stated that although the micro- 


- scopical and chemical methods of examination furnish a basis for the 


grading of insect powder, for the determination of the true value the 
physiological test must be made. He conducts the test as follows: 
A 25 cc. flask is taken, about 1 gram of insect powder added, the flask 
then closed and shaken well, after which the flies are introduced. If 
the powder is of good quality the flies will come to rest within one 
half minute and die within 5 minutes. If the flies survive this period 
the insect powder is to be considered as of low value and old. 

Kuraz (165) has recently tested a number of commercial samples of 
insect powder, as well as closed, half-closed, and open flowers, and 
Pyrethrum stems grown at Korneuburg, near Vienna, according to 
the method of Slaus-Kantschieder. The ordinary house fly (A/usca 
domestica) was used in these tests, and the time noted in which the 
insect fell over on its back. The results are summarized in Table 2. 
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TABLE 2.—Phystological examination of insect powder.! 


Time required. 
Product, 
Mini- Maxi- 
mum. mum. Average. 


1; 
Min. Sec.| Min. Sec.| Min. Sec. 
Commercial powder ground from wild flowers...............0.---------+- 0 45 09 


40 1 1 
Commercial powder ground from Montenegrin closed flowers.......--.--.- 1 04 2 45 1 43 
Commercial] powder ground from Dalmatian half-closed flowers.......--.. 1 00 2) 22 ID quan yes 
Commercial powder ground from Dalmatian open flowers......-...--.---- 2) 03 4 27 3 00 
Gamimerciali powGer sek seco. ae cess -etek Voeceemanee eo abo. ki. wae ke Se bOL Lome ce LOn Os 
Commercial powder ground from open Dalmatian flowers. ....-.........- 2 20 4 50 3 28 
Commercial powder ground from closed Dalmatian flowers. ...........-.. O 45 as) We lle! 
Commercial powder ground from closed Montenegrin flowers. ..-..-...... 0 40 Li By 1 04 
Commercial pOwdereies cei eer ae ie oes Se ico anes ie a aya Biase fe Di Ae 3 52 |} 10 00 6 02 
Powdered closed flowers grown at Korneuburg, 1913........-...-.....--- 1 20 2) ae 1 53 
Powdered half-open flowers grown at Korneuburg, 1913..................- 0 54 1 48 1 L8 
Powdered closed flowers grown at Korneuburg, 1914...................--. 0 45 1 48 IE) 1K) 
Powdered half-open flowers grown at Korneuburg, 1914.................-- 0 40 he cS ils 
Powdered open flowers grown at Korneuburg, 1914. ................-..--- 0 40 1 28 15202; 
Powdered stems grown at Korneuburg, 1914..................-0.-0000---- 3 05 8 49 5 16 


150 tests were made on each sample. 


In testing the action of insect powder against various insects Smith 
(263) and many other entomologists used different brands of com- 
mercial insect powders. Their results were comparative, as they 
were without samples of known purity, and their experiments are 
without value in showing the presence of adulterants. 


_MICROSCOPICAL METHODS. 


There has been much divergence of opinion as to the value of a 
microscopical examination of an insect powder in determining its 
genuineness. For instance, Jelliffe (148) concludes that ‘the 
microscope is the only possible means for detecting the presence of 
powdered stems in insect powder.’’ On the other hand, Beringer 
(29), after examining genuine insect powder and the powder made 
from the flowers of the Hungarian daisy, says, “‘ Microscopically no 
difference could be detected between the two powders.’”’ Howie 
(139) states that he finds chemical methods more exact and trust- 
worthy than microscopical ones for detecting added fustic, chrome, 
and turmeric. Again, in discussing Kirkby’s (156) paper, he says 
that he has little faith in microscopical observation for ascertaining 
the value of an insect powder, the physiological test with the black 
beetle being the best. 

For recognizing the presence of certain adulterants, as for instance 
starch or starch-bearing materials, the microscopical examination 
is of great value, but in the powdered state flowers of certain of the 
Composite closely allied to Pyrethrum are so similar to insect flowers 
as to render their detection difficult. Again, although an adulterant 
can usually be detected qualitatively by the microscope, no exact 
quantitative method has as yet been devised for its determination. 


See 
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Trottner (278) has worked out a method in which the value 
of an insect powder is determined by estimating the number of 
pollen grains in 1 milligram of the sample. His results, however, 
vary greatly, as shown in Table 3, which summarizes all of his re- 
ported determinations. 


TABLE 3.— Number of pollen grains per milligram of insect powder. 


Pollen 
Product. grains in 1 
milligram 

Closed flowers of C. cinerarizfolium pulverized in a mortar...............2...2.---+-+---+--- 2,881 
OF i. BSc See OE 8. Jase aaa ganoe adatom 655 bet eet ae eee 2, 159 

Open flowers of C. cinerarizfolium pulverized in a mortar.........................-.-------- 545 
One cat Betlove saeco MEE ONE Che aes aiaca ately a Sn naysiay ray Sete eet oO ete ae ep eee ye 210 

Dot i282. 04. hi Be Bt te Psa ON RG ae BR SUSE ee 151 
Commercial powder ground from closed flowers (Riedel)................2.2.2-2--22:-+----+------ 3, 066 
Commercial powder ground from open flowers (Riede!)............-...---------------------- 158 
Commercial powder ground from closed flowers (Cesar and Loretz)......--..-.......-..--..- 2,255 
Commercial powder ground from half-closed flowers (Cesar and Loretz)..................... 920 
Commercial powder ground from open flowers (Cesar and Loretz)................-..----.--- 785 
Commercial powder ground from closed flowers (Schuchardt)..........-....------------.---- 4,402 
Commercial powder ground from half-closed flowers (Schuchardt)....................-...--- 5,544 
Commercial powder ground from open flowers (Schuchardt)...........-..--..-----------+--- 1,319 
CommercialSpowder (Apothecary A) esac sc sac ose oe eee ee eee 2,071 
Commercial powder ground from wild closed flowers (Apothecary B)......--........-......- 1,235 
Commercial powder Apothecary ©). 5.5522 csee oe oe ae Coe eee 1,176 
Commercial powder ground from cultivated closed flowers (Apothecary D)-.-..-............. 575 
Commercial’ powder/(Apochecaryetn ie een ere eee Se re as eee eee ae ee 550 
Pulverized closed flowers of #: mosewum Ji... JSS S Aes ke ee eS 4,721 
‘Pulverized open flowers ot P. Tosewiticg- so. cece es one ee eee 2, 264 
Flores Pyrethri rosei, pulvis No. 0 (Gehe and Co.)................--------------------------- 5,741 
Hlores'Pyrethri rosei, pulvisiNo. 1(Gehemnd Co) a2 5 0 see eee ee eee ee 3, 482 


MorpHOLOGY OF WHOLE INSECT FLOWERS. 


The flowers usually employed in the production of insect powder 
or Pyrethrum powder are derived from either the Dalmatian or the 
Persian insect flowers, botanically known as Chrysanthemum cine- 
ranixfolium (Trev.) Bocce. and Chrysanthemum roseum Web. & Mohr., 
respectively. The Dalmatian flowers compose the greater part of 
the commercial insect powders, the Persian flowers being rarely seen 
in commerce at the present time. Of recent years, Japanese insect 
flowers have been coming into the market. According to one 
authority (24) the form known as Chrysanthemum indicum, with a 
yellow ray flower, is widely spread through China and Japan, while 
in the mountains of Hupeh occurs a white or pink rayed form, which 
has been named Chrysanthemum morifolium. Dr. Henry, who has 
collected specimens which are in the Kew herbarium, considered 
these two wild plants the probable progenitors of the cultivated 
strains. As far as histological characters are concerned, the Japanese 
flowers can not be distinguished from Chrysanthemum cinerarie- 
foluum. - 

A review of the literature has shown that some little work has 
been done on the morphology of the whole insect flowers. The 
descriptions to follow are condensed reviews of the most important 
articles. They are somewhat abbreviated for the reason that the 
literature already contains numerous descriptions of the flowers, 
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also because it is considered more expedient at this time to place 
the greatest emphasis upon those diagnostic characters whereby 
commercial powder may be accurately analyzed microscopically. 

Siedler’s (150) (258) morphological description of the Dalmatian 
flowers, which is quite in detail, may be summarized as follows: 
The Dalmatian flower stem is 8-sided and very hairy; receptacle 
slightly arched; involucre consisting of 3 rows of scales, the inner 
scales lanceolate and about 4 mm. long, the scales of the middle row 
about 6 mm. long. All of the scales have a flat inner surface, the 
outer surface being more or less keeled, possessing a scarious margin 
and covered with hairs. The whitish ray flowers measure about 15 
mm. in length and 4 mm. in width, 3-toothed at the tip, the middle 
tooth being somewhat smaller than the other two. The disc flowers 
are tube-shaped and 5-toothed, possessing the typical Composite oil 
glands and containing more or less of the yellow, 3-pored, spiny pollen 
erains. The fruits of the ray flowers exhibit a different structure 
from those of the disc flowers, being somewhat flattened on the side 
lying next to the outer bracts, and possessing 2 furrows, while the 
inner side has 3. The fruits of the disc florets consist of 4, sometimes 
6, nerves. A small crown is present on all the fruits. 

Collin (47) designated 3 distinct commercial varieties of Dalma- 
tian insect flowers: 

1. Closed flowers.—Flower heads, varying from 3 to 7 mm. in 
diameter, generally furnished with a very short striated peduncle. 
Bracts, greenish-yellow, closely appressed. Corollas of ligulate 
florets almost always entire; grayish-white in color, and wrinkled 
and shriveled over the tubular florets, so as to conceal them almost 
completely. Very few expanded flowers present; very few frag- 
ments of corollas, ovaries, or bracts mixed with flower heads. 

2. Half-closed flowers.—Peduncle longer, even 4 or 5 cm. long. 
Flower heads full, bracts with a yellowish-gray color. Ligulate 
florets can usually be distinguished; tubular florets still retain their 
corollas more or less intact. 

3. Open flowers.—Recognized by the size of the flower heads, 
many of which attain a diameter of from 9 to 11 mm. Usually 
completely expanded when gathered and hence few of them intact; 
some ligulate florets destitute of corollas and in many others the 
corollas of the tubular florets have been separated from the ovaries’ 
which remain attached to the receptacle. This variety contains 
abundant débris of the corollas and ovaries, and therefore is not as 
choice commercially as classes 1 and 2. He described the various 
parts of the Dalmatian flower head as follows: Bracts, outermost 
thicker and shorter than the others; more strongly curved and more 
pointed at the apex; those from the middle row lanceolate, slightly 
curved; the inner scales are as long as the middle ones but thinner 
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and spatulate in shape. All scales thickened in the center, grad- 
ually becoming thinner toward the margin, which is scarious and 
transparent. Ligulate florets with 3 teeth at the apex, central tooth 
smaller than the other two. Calyx with fringed or slashed margin. 
Ovary possesses 5 projecting ridges. Tubular floret corolla rather 
deeply 5-toothed. Peduncle channeled and hairy. 

The Persian (186) or Caucasian insect flowers (Chrysanthemum 
roseum) differ somewhat from the Dalmatian flowers, and will be 
but briefly described. The flower heads somewhat resemble those 
of the Dalmatian variety, but are a little smaller. Ray florets, a 
reddish-purple tinge; involucral scales, dark and with reddish-brown 
edge. Fruits usually 10-ribbea. Involucre not as hairy as that of 


the Dalmatian flower. 
SUMMARY. 


Dalmatian flowers.—Involucre: Imbricate and campanulate; scales 
matted with hairs; individual bracts slightly thickened or keeled, the 
inner bracts becoming thinner and more chaffy or scarious at the 
margin. 

Ligulate florets: Yellowish-white or of a light straw color; pistil- 
late; apex 3-toothed, the middle tooth usually being shorter than 
the other two. 

Disc florets: Perfect, deeply 5-toothed, and yellowish in color. 

Achenes of ligulate florets: Distinctly 5-ribbed; rather more flat- 
tened and curved than achenes of disc florets and somewhat larger; 
possess smali-toothed crown. 

Achenes of dise florets: Distinctly 5-ribbed; not as curved or flat- 
tened as those of the ligulate florets; poemnae smaller; Lge 
small-toothed crown. 

Persian flowers.—Involucre: Imbricate and campanulate; scales 
almost glabrous; hairs numerous in depression at juncture of peduncle 
and receptacle; scales dark and bordered by a distinctly reddish-brown 
edge; inner scales more scarious than outer ones; appear to be 
more densely fibrous than those of the Dalmatian flower. 

Ligulate florets: Tinged a rather purplish-red; pistillate; apex 3- | 
toothed, middle tooth often somewhat longer than the other two. 

Dise florets: Perfect, deeply 5-toothed. 

Achenes of ligulate florets: Usually 10-ribbed; more flattened and 
curved than achenes of disc florets and somewhat larger. 

Achenes of disc florets: Usually 10-ribbed; not as curved or flat- 
tened as those of the ligulate florets; somewhat smaller. 


MicROSCOPICAL CHARACTERISTICS OF INSECT POWDER. 


Before taking up the general plan followed by the authors in the 
microscopical examination of a commercial powder, the most impor- 
tant work done by other investigators will be reviewed briefly. 
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Collin (47) has condensed the descriptions of the diagnostic charac- 
ters for the various parts of the flower head of Chrysanthemum cine- 
ranizfolium, which may be summarized as follows: 

Fragments of the bracts: Epidermis striated and provided with 
numerous stomata, T-shaped hairs, and oil glands; under the epidermis 
of the central part there is a very characteristic fibrous hypoderma; 
the margins are very thin, and bear numerous T-shaped hairs. 

Corolla of the ligulate florets: Upper (nner) epidermis character- 
ized by being papillose over the whole surface, and by the sinuous 
striated cells of the lower (outer) epidermis. 

Corolla of the tubular florets: Epidermis papillose near the apex 
but smooth over the remainder of the corolla, the latter portion con- 
sisting of regular cells containing rosette crystals of calcium oxalate. 
. Calyx of the tubular florets: Tissue of the calyx strengthened by the 
presence of numerous elongated, lignified cells. At the junction of 
the calyx with the ovary there is a disc composed of large, very irregu- 
lar cells, with thick, lignified, pitted walls. Many of these cells contain 
prismatic crystals of calctum oxalate, one in each cell. 

Ovary: Epidermis of the intercostal depressions is characterized 
by the presence of numerous oil glands and clinorhombic crystals. 
There is a lignified hypoderma similar to that of the lower part of the 
calyx. Walls of the ovary contain very large ducts filled with a brown 
eranular secretion. 

Anthers: Filaments consist of regularly arranged square cells; pol- 
len grains, tubercular, having 3 pores. 

Style: Cells of apex papillose; those of the stigma present a scale- 
like arrangement. : 

Receptacle: Characterized by large, rounded, pitted cells. 

Peduncle: Débris furnished with T-shaped hairs and oil glands. 

Hart (119) has called particular attention to the large number of 
translucent particles which he found in the ray florets. They oc- 
curred in every part of the flower head, except the bracts, but were 
most numerous in the ray florets. When treated with osmic acid 
they darkened very slightly, if at all, but when treated with an 
alcoholic solution of alkannin they turned red, which proved them to 
be resinous. 

Schrenk (249) observed that the stems of the flower heads of Chrys- 
anthemum cinerariefoliwm (furnishing the Dalmatian flowers) consist- 
ed of collenchyma tissue which exceeded in amount the bast and 
woody tissues of the fibro-vascular bundles. Therefore fragments of 
collenchyma cells would be present in proportion to the amount of 
stems present, being very sparse in a good powder. The use of chlor- 
iodid of zinc was recommended for their detection. Schrenk found 
the scales of the involucre to be stiffened on the outer side and on 
both sides of the midrib by a coherent layer of sclerenchyma cells, 
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many of which were elongated, having oblique or pointed ends and 
being joined in the manner of prosenchyma cells. These were usually 
found as fragments in the powder, and could be recognized by their 
walls pierced with narrow canals. He also observed these fragments 
to be much more numerous in the Persian than in the Dalmatian 
powder. He explained this by the fact that the greater portion of 
the very rigid, greenish, involucral scales (with the exception of the 
dark, reddish-brown scarious margin) consisted of sclerenchyma cells. 
Numerous hairs of a very characteristic structure were found on the 
outer surface and along the membranous edges of the scales of the 
Dalmatian flowers and on the flower stems as well. Each of these 
hairs consisted of a long cell with attenuated ends, placed horizontally 
ona 1 to 3 celled stalk arising from the epidermis. The terminal hori- | 
zontal cell was bent and twisted in various ways, rather hooked at the 
end and forming feltlike layers, especially on the outermost scales. 

Schrenk detected few hairs in the Persian flower insect powder 
which he examined. The flowers of Chrysanthemum roseum which 
he subsequently examined were almost entirely glabrous, with the 
exception of the hairs found where the stem widens into the recep- 
tacle, as well as at the base of the outermost scales. The hairs were 
of the same structure as those found on Chrysanthemum cinerariz- 
folium, only the terminal cells were much longer. He considered the 
papille covering the upper epidermis the most conspicuous among the 
fragments of the marginal corolla. These were not regarded as 
diagnostic, since the petals of other related species are similarly con- 
structed. Stomata were remarkably numerous on the lower side of 
the marginal corolla. He did not find the insect flowers raised in 
California (Buhach), which belong to Chrysanthemum cinerariz- 
folium, any different in structure from flowers grown in their native 
country. 

Kirkby (156) and Verneau (285) have called attention to one dis- 
tinction which they believed might aid in identifying the Persian 
powder. They found the papille of the ray florets to be larger than 
those of the Dalmatian florets, thickened somewhat more at the apex, 
and with sides making a wider angle. Malfatti (186) has gone into 
the description of the Caucasian (Chrysanthemum rosewm) flowers 
quite extensively, figuring the various parts of the flower head. 
Siedler (258) describes the physical characteristics of powders made 
from different parts of the flower. 


Microscopic EXAMINATION OF INSECT POWDER. 


Before attempting the critical examination of a commercial insect 
powder, the microscopist should become thoroughly familiar with 
the various parts of the insect flower head, in the whole as well as 


in the powdered condition. It has been found advantageous to sep- 
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FIG. 2.—MARGINAL PAPILL4, RAY FLORET. 
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Fic. 5.—-BRACT TISSUES. (X120.) Fic. 6.—STEM TISSUES. (X84.) 
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Fic. |.—SiNUOUS CELLS, RAY FLORET. Fia. 2..-STRIATED CELLS, RAY FLORET. 
(X254.) (<290.) 


Fig. 3.—TWISTED HAIRS FROM BRACT. FIG. 4.—STALKED HAIR. (MAGNIFIED.) 
(X84.) 
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Fic. 5.—PAPILL4, RAY FLORET. (XI40.) Fia. 6.—PORTION OF STIGMATIC LOBE. 
(X130.) 
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arate the disc and ray florets, the achenes and bracts, grinding them 
separately to the average fineness of a commercial powder. A study 
of these powders ground from the separate parts of the flower head 
will enable one to readily recognize them in a commercial sample. 
Powders ground from closed and open flowers should also be ex- 
amined. The closed-flower powder is rich in the spiny, 3-pored 
pollen grains, and should not contain an excessive amount of scler- 
enchymatous tissue. The presence of considerable sclerenchyma- 
tized tissue usually indicates very mature (open) flower heads. The 
powder of open flowers does not contain as much pollen, but tissues 
from the achene are present in appreciable amount (PI. IV, figs. 
1 and 2). 

The powder to be analyzed microscopically should be thoroughly 
mixed. This is best done by spreading the sample upon a sheet of 
white paper and mixing the powder with a spatula. Flattening 
the powder out upon the paper often reveals the presence of whole 
unground pieces of material which can be transferred to a micro- 
scopic slide and examined. After mixing, a composite sample is 
taken from various parts of the sample. A small amount of the 
powder is placed upon a microscopic slide, a drop or two of distilled 
water added, and the cover glass adjusted. If examination of the 
water mount reveals the presence of any foreign starch, a small 
amount of a solution of iodin in potassium iodid is drawn under the 
cover glass. This reagent stains blue any starchy material that may 
be present. For further examination a small portion of the powder 
should be mounted in chloral hydrate solution and gently heated over 
theflame. This solution serves to dissolve any starch that may be pres- 
ent, and clears the tissues generally. Until the microscopist has 
become thoroughly familiar with the Pyrethrum tissues, standard 
samples ground from the various parts of the flower head should 
be kept on hand for comparative study. 

Siedler (258) employed phloroglucin and hydrochloric acid in de- 
tecting the presence of lignified tissues (vanillin reaction). On ap- 
plying these reagents to disc-flower powder very little lignified tissue 
was evident, although pollen grains and fragments of papillate cells 
were numerous. The powder from the involucre showed a large 
number of woody elements, isolated vessels, thick-walled prosen- 
chyma cells, scleroids, and pitted parenchyma cells. The short- 
stalked T-hairs were characteristic of this powder. The ray-flower 
powder exhibited very little lignified tissue, but a large number of 
papillate fragments, the cuticle layer, and large epidermal cells 
which were characterized by their striated surface. The powder 
from the receptacle showed small, yellowish-brown cells which did 
not give the vanillin reaction. Thin-walled, porous cells were nu- 
merous, also lignified prosenchyma cells and large isolated vessels. 
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Frequently the analyst is called upon to make an estimation of the 
approximate quantity of insect flower stems that may be present in 
a powder. The fragments of stem tissue, occurring to some extent in 
every insect powder, are readily distinguished from the other tissues 
present. The stems, when ground, invariably break up into longi- 
tudinal sections. Cross sections seldom appear in the powder. 
These long strands of collenchyma cells, fibers, and vascular elements 
have a characteristic appearance, possessing brushlike or slightly 
frayed ends, differng very much from the shredded appearance of 
the fragments of bract tissue. For the purpose of estimating the 
percentage of stem tissues present in a powder, it has been found 
convenient to make up standard powders, containing known amounts 
of ground stem tissues, to be used for comparison with the commercial 
samples. Mounting the powder in xylol often facilitates the detec- 
tion of stem tissues. The patches of involucral tissue are invariably 
quite torn and coarsely shredded, and not in the long, smooth pieces 
characteristic of the stem tissue. The fruit (achene) tissue of the 
Dalmatian flowers occurs in squarish patches of short, thick-walled 
sclerenchyma cells, containing numerous crystals, many of them 
diamond-shaped. These crystals exhibit a variety of colors under 
polarized light, and are a means of distinguishing the Persian from 
the Dalmatian flowers, the Persian flowers lacking these crystals in 
the achene tissues. 

Microscopically some differences exist between the Persian and 
Dalmatian powders. As has already been mentioned, the marginal 
papille are somewhat different in the two species, although this 
character would not be recommended as a final means for distin- 
guishing between the two. The two varieties of flowers are much 
more easily distinguished from each other in the whole form than in 
the powder. 


HistoLtoacy oF PowpER ELEMENTS. 


Powder, when pure, is a golden yellow, turning bright yellow when 
mounted in potassium hydroxid (or other alkaline) solution. Japa- 
nese powders appear to be more yellow and aromatic than other com- 
mercial powders, and assume various greenish or ashen hues, depend- 
ing upon the amount of stems present. The pure powder possesses 
more or less of an aromatic odor. If stems are present in appreciable 
amount, the powder tends to have a characteristic sage or tealike 
odor. 

Phloroglucin and hydrochloric acid are useful in determining the 
amount of lignified tissue present. Lignified tissues assume a red 
coloration with these reagents. (Phloroglucin solution: 0.1 gram in 
10 cc. of 95 per cent alcohol. Concentrated hydrochloric acid.) 
Potassium iodid solution of iodin turns starch a deep blue (0.05 gram 
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Fig. I1.—CRYSTALS, DISC FLORET. (XI96.) Fig. 2.—TOOoTH, DISC FLORET. 
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FIG. 4.—POLLEN GRAINS. ((X140.) 


Fig. 3.—POLLEN GRAIN. (X290.) 


FIG. 6.—CRYSTALS FROM ACHENE. 
((MAGNIFIED.) 


Fic. 5.—ACHENE TISSUE AND CRYSTALS. 
(X204.) 
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POWDER FROM CLOSED FLOWERS. (X72.) 
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of iodin and 0.2 gram of potassium iodid in 15 cc. of water). Chloral 
hydrate solution dissolves starch and clears the tissues (about 5 parts 
chloral hydrate in 5 parts of water). 


DALMATIAN FLOWERS. 


1. Numerous 3-pored, spiny pollen grains (PI. III, figs. 3 and 4). 

2. Marginal papille and papillae in surface view presenting a 
‘“‘puckered”’ or 3-cornered appearance (PI. I, figs. 1 and 2). 

3. Sinuous, striated cells of epidermis of ligulate florets (Pl. I, 
figs. 1 and 2). 

4. Toothed fragments of the disc florets (Pl. III, fig. 2). 

5. Shredded fragments of involucral scales, strongly lignified (PI. I, 
fier) 

6. Attenuated and twisted horizontal cells of T-shaped hairs from 
the bracts (Pl. II, figs. 3 and 4). 

7. Occasional strands of stem tissue, much larger than other frag- 
ments, and usually possessing roughened or fibrous ends (PI. I, fig. 6). 

8. Oil glands from the corolla and fruit. These are very seldom 
detected in the powder. 

9. Somewhat rectangular patches of sclerenchyma tissue from the 
fruit, containing numerous diamond-shaped crystals exhibiting a 
variety of colors under polarized light. Numerous isolated stone 
cells are also often found in powder ground from mature flower heads 
ie t fies.3 and 4>Pl24il, fig’ 6): 


PERSIAN FLOWERS. 


The diagnostic characters of the Caucasian or Persian flowers 
(Chrysanthemum roseum) in the powdered form are rather similar to 
those of the Dalmatian flowers. As already stated, the papille of 
the ray florets differ somewhat, and the achene tissues do not contain 
the crystals characteristic of the Dalmatian flower fruit. The reddish- 
brown scarious margins of the bracts are often more striking in the 
Persian powder than in the Dalmatian. Collin (47), who also studied 
the Persian flowers, has summarized the principal diagnostic char- 
acters which distinguish them from the Dalmatian flowers. 


SUMMARY .. 


Of course, the relative abundance of many of the tissues mentioned 
depends upon whether the powder is ground from open or closed 
flowers. Pollen is more abundant. in closed-flower powder and 
sclerenchyma tissues in open-flower powder. The greater part of 
the pollen of closed or immature flower heads still remains in the 
closed ‘‘buds”’ or heads, the pollen not having as yet been scattered 
by the wind. On the other hand, the mature flower heads are practi- 
cally devoid of any great amount of pollen, but contain the mature 
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achenes, or fruits, still attached to the receptacle, or, very often, 
fallen out, depending upon the ripeness of the heads. Consequently 
appreciably little of the achene or fruit tissues is found in closed- 
flower powder, while powder ground from open flowers is rich in the 
lignified tissues of the fruit and quite devoid of pollen grains. 

Stem tissues occur in all powders to some extent, although they 
should not be present in excessive amount. Careful study of the 
stem tissues and the tissues of the flower head will show that there 
is not the slightest difficulty in distinguishing between them. 

The following references in the bibliography (p. 83) deal with this 
subject: 23, 24, 29, 47, 69, 106, 115, 116, 117, 118, 119, 137, 148, 150, 
152, 156, 162, 163, 169, 174, 186, 199, 202, 246, 249, 257, 258, 261, 
278, 279, 281, 282, 285, 289. 


CHEMICAL METHODS. 


In all of the published work relating to the chemical analysis of 
insect powder the determinations have been practically confined to 
those of ash and of ether-soluble material, together with specific tests 
for turmeric, lead chromate, and other adulterants, the presence of 
which might be suspected. The active principles of the powder 
being unknown, a comparison of the contents of the ash, ether ex- 
tract, etc., of the sample undergoing examination with those of 
powders of known purity has afforded the only method of judging the 
genuineness of a commercial powder by chemical means. 

The first published analyses of insect powders are those reported 
in 1879 by Hilgard (131), who determined the ether extract of 4 
samples with the results shown in Table 4. 


TABLE 4.—Ether-extract content of insect powder (Hilgard). 


Product. Rene 
Per cent. 
‘Persian AnsectsP owder??. 2:0 3. ceciictas Roo w st ee betes 2 ee See ee eee 9.5 
“Bohach”? (Sample erowa ant S78) csi seo mes ote are et eee 6.1 
‘“<Buhach?”. (sample‘erowmn 1 1879) = 2s. 2: 48. oc es Se ens Se ee eee 5.8 
“Tyon’s MapneticiPow Ger.” somo os asc aa enn co ee ee Se oo See ae eee 4.9 


His tests of these extracts on insects showed that the amount 
of the extract present was not necessarily a measure of the efficiency 
of the powder. Beak 

Grote (108), in 1880, found lead chromate in a sample of insect 
powder. He regards the odor of an insect powder as furnishing 
more evidence of its genuineness than the color. Kral (164), in 
1880, found curcuma in a series of insect powders, but no lead chro- 
mate. Howie (139), in 1883, reported the results of the chemical 
examination of 12 insect powders. He considered the chemical 
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method for the detection of added coloring matter as more accurate 
than the microscopic method. The results obtained on these 12 


samples are shown in Table 5. 


TABLE 5.—Chemical examination of insect powder ( Howie). 


Adulterant. 


Tae ee Toga eelierd id penaeia tg a dh 
Turmeric and chrome......... 
HYOMC tet er se ae eee eee 


Bauple Vendor’s definition. Color. 
ieleimsect powders cesses nse Oradea 5 
Zea say LO ee econ oe ie ree anal. bs AA Gi +00. Beeb ss 
Si | ee ePrice s mer cee le epeiaerae ive drab. 2... 
4 | From closed flowers............--- Yellowish.:....- 
Fa MAUICLOSEGHOWCISS ease eae cee uemi ce doit: eee 
GeigOpenthowers= soso secession do. 

7 Packet DOW GCr ee eects saan oo rely KaSBES SOME 

Sl sanee Vacsc More SBC ORE Rete aes Seer 0. 

EBS HCO oR ue a tc eh a ede yl bee do. 
TOS PALM Closegthlowerse ss) fesse ae eee eee nee donee oe 
ITs) fel BONS Canls eS ISO Se ae ace aan eee ae eee COMER fae eee 
1) |) IDElmG elas seve Sa ee eee ose eesaee Very yellow..... 


Ash. 


Per cent. 


3 


—_ 
POW OOSAAMAMANIG 
SOP ON OMNN OCF hb 


An anonymous writer in 1884 (13) suggested testing insect powder 
with ammonia water, which would cause an artificially colored powder 
to turn a more or less dark brown, while an uncolored powder would 
change only slightly. Exposed to direct sunlight a genuine powder 
in the course of a few hours loses its color, according to this writer. 
Meyer (202), in 1887, proposed to test for mineral impurities in an 
insect powder by shaking the sample with chloroform, which would 
cause the powder to rise to the top of the liquid, while the inorganic 
substances would settle to the bottom. 

In 1888 Hart (119) found an ash content of from 6.10 to 6.40 per 
cent in samples of insect powder and one of from 5.40 to 6.10 per cent 
in insect flowers. The ash content of the peduncles and receptacles 
Beringer (29), in 1889, made the 
determinations given in Table 6 on flowers of the Chrysanthemum 
cinerarixfolium and of the Hungarian daisy (C. leucanthemum). 


of the flowers was 5.60 per cent. 


TaBLE 6.—Chemical analysis of flowers of C. cinerarixfolium and C. leucanthemum 


(Beringer). 
Determination. 
Product. Petro- 
leum- Ether Aleohol | Water Nichi 
ether extract. | extract. | extract. ‘i i 
extract. 
Per cent.| Per cent. | Per cent. | Per cent. | Pcr cent. 
Chrysanthemum cinerarixfolium.........--.---------- 2.49 2. 85 6. 57 16. 70 6. 50 
FINI SADA BIS VE ee ie eae acces se cee a wre 3.37 2.68 9.45 13. 43 9. 30 


Beringer stated that no difference could be detected between the 
two powders by microscopical examination. 
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Unger (282) reports certain results of examination of ea 
flowers (Table 7). 


STD Ovi CODD 


TaBLE 7.—Chemical analysis of Pyrethrum flowers and powder ( Unger). 


Product. 


Open EDatmn scien HOwers=-2s2 =e 
MISECH POWGCE = oe ae ee 
Closed Dalmatian flowers. ....-...-. 
Powdered closed Dalmatian flowers. 
Dalmatian insect powder...-.-.-....-- 


Determination. 
Moisture. 
Ash on Remarks. 
Dried wee 
Ti ree 
over ess Bt basis. 
H.SO.. 3 
Per cent. | Per cent. | Per cent. | 
7.02 | 8.4 7.67 | Much manganese present. 
12°08) | ee 6. 89 Do. 
jay. ol Sateen 6.04 Do. 
Esse. LV bel Sees a Ces 7.07 Do. 
10.29 10. 81 (ei 2a Do. 
dOroce Sere 7.56 | 
GEG al eee ames 6.21 | Do. 


Three samples of flowers, 2 of Pyrethrum roseum and 1 of P. cau- 
casicum, grown near Berlin, were examined, the results in Table 8 
being Soutien 


Whe 


Unger (282) reports the analyses given 


Flowers of P. carneum.__...---.--- 
| 


TABLE 8.—Chemical analysis of insect flowers grown near Berlin. 


Determination. | 
| 
Product. Mois- Ashon | Remarks. 
ture | water- | 
(lossat | free | 
100°). | basis. | 
| | 
| Per cent. Per cent. 
Flowers of P. carneum.....-.-.-.---- 8.3 8.18 | Much iron present, but no manganese. 
Flowers of P. caucasicum........-- 5.67 7.92 | Iron (0.19 per cent) present. 
4.88 | 10. 21 


insect powders. 


Sample 


No. 


Doe Whe 


| 
| 


in Table 9 for adulterated 


TaBLE 9.—Chemical analysis of adulterated insect powders ( Unger). 


~ Product. Ash. 
Per cent. 
Insect powder. ..-- 6.61 
See CO at eee 9.7 
eve 0 10 ee ae ee 7S: 
POOR ass eee oeeel 7.93 
SECT OS eee eee ee 8.33 
Sd On ea eee eee 7.29 


Remarks. 


Stems present; almost no pollen grains. 

Curcuma and stems present; pollen grains few. 

Curecuma present; no Manganese. 

Barium chromate and many stems present: no pollen grains. 
Lead chromate and many stems present; few pollen grains. 
Very little manganese; curcuma present. 


. 
y a. 
oe en hee se 


re ne eT eee Ye a en ey 


re ee ee ee a ea, ee ee ee 
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In another place (282, p. 167) Unger has recorded the results 
shown in Table 10. 


TABLE 10.—Chemical analysis of insect powders and flowers from Dalmatia ( Unger). 


Determination. 


pample Product. Ash on Remarks. 
Moisture. ater 
basis. 


Per cent. | Per cent. 


1 | Insect powder...-:.-..--...- 8. 56 8.33 | No manganese; barium chromate and stems 
present. 

BN sie eG) saacausosoaseesepqoniousacuwoaT ABS EaSAGE Do. 

Sie Cl Oat eee oe cloacae area sic 7.3 | No manganese; much iron. 

4 | Flowers from Spalato....- 8. 44 6.74 | Strong in manganese. 


From the fact that he found no manganese in Pyrethrum stems, 
while it was always present in the flowers, Unger proposed to deter- 
mine whether a powder was strongly adulterated with stems by test- 
ing for manganese. Thoms (274), in 1890, however, found manganese 
in the ash of C. leucanthemum and P. indicum, and Siedler (258) 
showed that Pyrethrum stems are not entirely manganese-free. 
Appreciable quantities of manganese in Pyrethrum stems from 
Japan have been found by the authors.!' Unger’s test is of no value. 

Thoms (274), in 1890, reported an ash content of 6.93 per cent in 
whole flowers of C. cinerarizfolium, and one of 6.94 per cent in the 
same after powdering. He (275) would determine the value of an 
insect powder by a determination of its ash and petroleum-ether ex- 
tract, together with a microscopical examination. From Dalmatian 
insect powder which had been dried at 100°, Thoms obtained by ex- 
tracting with petroleum ether 5.34 per cent of a brown-yellow extract 
(dried at 80°), which had a strong odor of insect powder. Other 
powders gave from 5 to 3.89 per cent. An adulterated insect pow- 
der gave only 3.83 per cent extract, without the characteristic odor. 
Flowers of Chrysanthemum leucanthemum (Hungarian daisy) yielded 
4.02 per cent extract. 

The Chemist and Druggist for March 22, 1890 (17), reports an ash 
content of 6 per cent on a sample of insect powder prepared from 
flowers grown in Gippsland, the southeastern district of Victoria, 
Australia. | 

Kymard (77), 1890, gives the analysis of Pyrethrum powder 
shown in Table 11. 


1 Manganese was determined in the various grades of insect flowers and stems of both Dalmatian and 
Japanese origin, the following average amounts being found: Japanese stems, 0.0123 per cent; Dalmatian 
stems, 0.0077 per cent; Japanese closed flowers, 0.0155 per cent; Dalmatian closed flowers, 0.0096 per cent; 
Dalmatian open flowers, 0.0076 per cent. The manganese content of both stems and flowers varies so 
greatly and differs so little in the two parts of the plant that any method for estimating the amount of 
powdered stems in an insect powder from a determination of its manganese content is valueless. 


, 
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TaBLe 11.—Analysis of Pyrethrum powder (Eymard). 


Hssential: ols 9.22 ee a ee ae ee eg ee eee Small amount. 
Bodies soluble in ether (5.60 per cent) composed of: 
Patty bodies'( percent) tov Mss Ree eS BR ee 3. 80 
Resinous bodies: (oer.cemt) <3. .ce1 6 ee ee ee 1. 80 
Bodies soluble in alcohol (94.4 per cent (sic)) composed of: 
‘Browa tesin: (percent) 222 a bee ee ee ee eee 4. 80 
Plantalbumen (percent) ' sede@eb- 22 2-ce. eee L759 
Gummy substances(per cent)... ee 14. 75 
Inulinand soluble amidoni(pereent).. 2. 225-2 2 8. 50 
Mineral-saltsr(percent) =o rss ee ee 7. 88 
Woody matter, by difference (per cent).-......-....-.-..--- 56. 72 
Total(per cent) seth 6 Sb crloet ie oer a 100. 00 
Mineral matter: 
Poiassiumechlorid:(Mericent)< ash ag eo ee 1. 94 
Caliciumpearbonate.(perscent) =a. ke. oe eee ee 4.15 
Calcium phosphate)(per-cent)_ 20. DUR ee See 0.17 
Tron andysilica(pericent) eect esi) 225 2ee Re Oe See 1. 62 
7. 88 


Thompson (273) gives the results of the analysis of a number of 
‘“senuine”’ insect powders (Table 12). 


) 


TaBieE 12.—Analysis of “genuine” insect powder (Thompson). 


1 
sane Color. Ash. 
: Per cent. 

diel hess set bce Sen ce PS eC sk See ae SS a ee eer 6.5 
Pha NECN UGS FAST TR] OF 0) 10 eg te iT Si ere Wee Soe a eee ne kesebenoc 6.6 
au elight-y ellowish) browatse tS: see ere Saas <5 eee ee ges eee eee 6.9 
ZW te oh) BVA BAS Soe ae ee SESS BOSSE ces So asceace ob cou Sa uaas See ses ce sos est 6.59 
5 | Licht yellowish brown: -£. 2.22002 - Ps. Seavert os teeth Aaa = eee en pee ee 6.2 


Of two samples which contained lead chromate, one was deep 
yellow, with 12.6 per cent of ash, while the other was dark yellow, 
with 26.8 per cent of ash. 

Gehe & Co. (92) give the following results of the analysis of asample 
of insect powder from Dalmatia: Soluble in alcohol, 26.35 per cent; 
insoluble in alcohol, 56.27 per cent; water, 8.45 per cent; ash, 8.93 
per cent. As they themselves state, this analysis is worthless in 
determining whether the sample is genuine or not. 

Hill (132), 1894, stated that genuine Dalmatian insect powder 
has a greenish-yellow color, possesses a characteristic tealike odor 


and a slightly bitter, aromatic taste, and shows on analysis from 8. 


to 10 per cent of moisture, and from 6.5 to 7 per cent of ash which 
is almost entirely soluble in hydrochloric acid. 

Dieterich (69) records analyses of a number of samples of insect 
powders, including a determination of the maximum size of the 
particles in microns. He sets the following limits for a good com- 


ee ee ee ee ee Se ee ee 


; 
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mercial insect powder: Maximum size, 255 microns; moisture, 5.55 
to 13.95 per cent. In the Erstes Dezennium der Helfenberger 
Annalen, 1886-95 (page 420), as the average of all determinations 
made on insect powders during that period, the following are given 
as the limiting values: Moisture (loss at 100°), 5.55 to 13.95 per 
cent; ash, 6.07 to 8.70 per cent; potassium carbonate in ash, 28 
to 38.33 per cent; maximum size of particles, 109.44 to 175.50 
microns. 


TABLE 13.—Chemical analysis of insect powders (Dieterich). 


Determination. 
Maximum 
Sample No. Year. P ’ size of 
Meet er Ho60s in| particles. 
100°). Bee 
Per cent. | Per cent. | Per cent. | Microns. 

1 eS HS ee ae ee eee aii REET EAI IRC TET MEER ES Sur 9. 55 Sao 23. 47 179. 55 
D8 & Pere SAAS BS Ce HG AL DS Bs ONO ne ON A Se Sh Mets Fe Sk ‘+ 1896 8. 25 7. 65 31. 57 255. 15 
SS DINE Tne ry We ieee ocr Lee rir AMS UE 11.18 7.58 30. 96 151. 20 
Thee Scr ch a eres Bs te aa aie I a Sr er Sn 12.12 7.38 33. 80 190. 35 
DEES hee KIRAN ERP ES 513. MAE RE) PES RoE Y 4897 9. 53 6. 61 38. 05 139. 05 
Boy Mee ico a St toa RI a Tet a Ga = he a 11.12 7.45 17.01 153. 90 
Ce Oo Re oo ELS Oe SEBS SEG erent 2 oe OM OLS ee ea 10. 60 6. 80 33. 51 141. 75 
Weer ME ee Comba AO Ie. Pacy 11. 26 Shoat ee 148. 50 
OA ETE EET poy apa S e goca§ Epona eas Ones ai fee 6.95 OX40 seen ae 311. 85 
Go CAs Me he Dene Gay ee MM So eS Dak eee SCN A a Bg Be Pk I ee | |e See Tl oaleee eea 302. 40 
A OS Nid iNet ER eR Es oe CG ah eee Sabie esta ate as aI A it eA |} 1900 9. 93 LeOOal ee ae 141. 75 
FE sion ON Log ah ce LR et rR ae ey ee ena 9. 33 SND AES ss 155. 25 
(Ba as eane) S B SA re ee NEN I I TN ce Tc Re Sl FOR ee ON SS ee eee 155. 25 
Fo, od ot GOGO oO COORG e GR Ep 7.43 6.90 a aS 198. 45 
Tis is SERS SS SESS ORE Ears Bea 5 eet ee AR SO ge 10. 33 GUGbinIEs Saeed 198. 45 
hese ics cg tS Sea eae na 1901 | 11. 97 763s en eee 145. 50 
Peep eet epee AN ine Bie eC Sst prs say or 4 9. 28 coo aD Gee on a Mam Ee te 0 Oe 
Ah BE BSCBE SCO SER ee aN OE EO RES ee Seen pCO Yel Sia a cg al ea 
eco SS ees ec 5 SRLS ee tsa Ne NIG Dee PeapeeeNra Rees 7. 97 (RCO Cis is es ag 202. 50 
Dee rape “eo Riven LR oe eee ees RNR | 1902 8. 83 63393 eae Pee 135. 00 
Be So SC SSH SOL a eee ae aie aa ae rena re ree 0. 52 CEI Gs eee a 67. 50 
bs. cL SEVRGE SES Sa eae, SE nS Ee nee poe 10. 04 AQ Spe Ree 190. 35 
DAS EL Ne a a ee ee ae eek ae ae Bee ee ne eS 1903 8.57 G75 Sane eles 162. 00 
BS S26 CORSA SNS See ie eee a am a CS . 05 CASO ee 135. 00 
lhe oc aGe SERS ROS SE AS ao Ee eee ence ek Ey Geel = eNO PEAR ase ea 1904 8. 81 Oxsoaleeee ee 162. 00 


In the Helfenberger Annalen for 1902 (page 186), Dieterich reports 
the results of the determination of the ether extract of insect powders, 
using the method of Fromme (85), in which 8 grams of powder are 
treated with 80 grams of ether of specific gravity 0.720 at 15° C., 
shaken at intervals during | hour, then 50 grams (—5 grams powder) 
shaken with 1 gram of water, filtered, the filter thoroughly washed 
with ether, and the filtrate evaporated and weighed. The extract 
of insect powders made in this way varied from 5.16 to 5.38 per cent. 

Durrant (73) is the author of the ether extraction method that 
has been most generally applied in the valuation of insect powder. 
He proceeds as follows: 


Place 100 grains of the powder in the cylinder of a glass syringe (1 ounce). The 
powder should be pressed down compactly on to a piece of absorbent cotton to act 
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asa filter. Moisten with ether (0.735 sp. gr.); close the top of the syringe and macerate 
for 30 minutes; percolation may then proceed, the powder being repercolated with 
the same fluid four times, and finally washed through with sufficient ether to make 
up 1 fluid ounce. The resulting percolate should be of a rich yellow color; if a pro- 
nounced green color be the result the sample may be discarded at once. 

This percolate should be evaporated at 200° F., and should weigh not less than 
3.75 grains (=3.75 per cent), and should have the characteristic odor of the flowers 
* * %*. Insect powder ground from selected closed flowers is sensibly free from 
chlorophyll, whereas traces of it (less than 0.5 per cent) will be found in powders 
prepared from mixed and half-open flowers, and in the foreign ground insect powders 
it often amounts to from 50 to 80 per cent of the total ether extract. 


Durrant suggests the determination of the amount of chlorophyll 
when it is present in large amount, by converting it to glucose and 
determining that in the regular way. He concludes: ‘‘The value of 
insect powder is in direct proportion to the combined amount of 
‘essential oil and soft acid resin and in inverse proportion to the 
amount of chlorophyll—both statements to be read together.”’ 

Francis (84) determined the ether extract of a powder made from 
‘‘oround flowers only,’’ one from “‘ground stems only,” and of a 
‘‘mixture of these two in equal proportion,” to be as follows: Ether 
extract of flowers, 6.07 per cent; ether extract of mixture, 3.82 per 
cent; ether extract of stems, 2.25 per cent. He states, ‘‘The ether 
extracts in each instance had a decided green color, indicating the 
presence of chlorophyll.”’ 

Dowzard (71) estimates ether-soluble matter as follows: ‘‘Two 
erams of the sample are mixed with 50 cc. of ether in a stoppered 
cylinder, the mixture being shaken at intervals during 2 hours; 25 
cc. (==1 gram powder) of the clear ethereal solution is evaporated 
in a tared beaker and the residue weighed.’’ He also makes use of 
physiological tests: ‘‘Two grams of the sample is transferred to a 
beaker, a cockroach is then introduced and the number of minutes 
which elapse before the insect becomes stupefied are noted.”’ He 
gives the results of the examination of 12 samples shown in Table 14. 


TABLE 14.—Examination of insect powder (Dowzard). 


Period of a Period of os Rerled of a 
physio- ther ysio- ‘ther f ysio ther 
Sample No. | ‘jogical | extract. || °2™Ple No. | ‘ogical | extract. || S2™m@ple No. | J opieal extract. 
test. test. test. 

ye Dk ee ne PET ae er ee A ee 

Minutes. | Per cent. Minutes.| Per cent. Minutes.| Per cent. 
1 Tercera eS 4 tote bal | eae ane 5 Oy | OS eos 7 a0) 
Des Bane: 5 es] (268s tee 5 5x65 LO eee eons 8 Sane 
Seeacisic cee 5 TBR | PTs Sees a ooce 5 DRA MOR ED coca oc 12 4.2 
Ae Sosa wee 5 626 785.3 o seeee 5 5.05]! AZemeee See 12 3.0 


Dowzard adds: ‘‘I think the figures prove that the value of insect 
powder as an insecticide is in proportion to the amount of ether- 
soluble matter present. Of course, it is impossible to obtain exact 
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results with the physiological test because of the difference in size, 
health, etc., of the insects. In good samples of insect powder the 
ether extract varies between 5 and 9 per cent.” 

Dietze (70), of the firm of J. D. Riedel, Berlin, records numerous 
tests on insect powders (Table 15). He used powder ground by 
himself from closed flowers, and also commercial powders. Dietze 
prefers petroleum ether to ordinary ether as a solvent, as the former 
takes out the ‘‘ active principle only,’’ whereas ordinary ether extracts 
a number of other substances at the same time. In most cases the 
ether extract is more or less green, and has a less powerful odor than 
the petroleum-ether extract. Table 16 shows the results obtained 
upon various adulterants of insect powder. 


TABLE 15.—Chemical analysis of insect powder (Dietze). 


Determination. 


On water-free basis. 


Soluble in— 
le No. 
pomple Ns Moisture nes 
los t sh. 
( EAS Ether. Equal 
Ordinary| Purest mixture 
etro- etro- | Chloro- | of chloro- 
Specific | Specific eum eum form. |form and 
gravity, | gravity,| ether. ether. ether 
0.735. 0.720. (0.720). 


Se a, 


Powders prepared 


from closed flowers: | Per cent. | Per cent.| Per cent.| Percent. |Per cent. |Per cent. |Per cent. |Per cent. 
1 2 egal ee a 7.43 7.68 9.38 DAD teh d SSE Np A ASE 7.02 6. 
Di vat sora pie SN tes alae 3. 42 8. 26 pov!) leersa eresliearh sel [at an wane al Meal muemlad tal UDR ht hd LOU iS aS Biase 
ore Ne Neat ee 5.51 8. 28 HAGA RIG Vena ese SRA LRU Le REF See a Cal Be Cg CMR Nh: 
Aa an De Se 8.10 7.37 Eo Ve Sal | Se le at ead a 3 ca Ll ey a i ta 
Le A SS een 6.16 8. 34 8. 23 OTE El SSO Ae BUGS? |e iahe 2 CEG | le eee 
(7), alee IE 5 See perme 7.41 6. 70 6. 44 4.35 2.50 Ey It Wadia mab Be epee Ng 
Of Cap et) as OR 6.95 7.70 6. 46 5. 24 3.15 Pao DA ath ga tad BAe tg 
Sin ee pees) 4.55 Cece! 6. 78 5.01 2.93 PRINS Gl eeie AY Sa a RAIS I sl 
(0) SGA ca ie ae Nag 8.90 6. 65 6. 78 Eo tel Ieee as ato BESO Aaa lV tonn anneal 
ORE Sen She e238 6. 75 6.71 SS OL Pee eee: 2. 83 5. 26 5.17 
ty Wieser van ee 9.85 7.08 7.41 4. 88 2. 76 PUP ARN apeh van igh aaa WE esa he 
aL Dicereres 28 mew IE 8.48 7.67 6.59 4.49 2. 60 PANN GY It IN et [oat ee ea 
1 By he 5 eee tered 8.06 7.49 6.12 5.92 3.03 ALCON is trea eee at lhe aL 
Minimum...... 3.42 6. 65 6. 12 4.35 2.50 2252 5. 26 yaly/ 
Maximum...... 9.85 8. 34 9.38 7.74 3.15 3. 68 7.02 6. 81 
Average........ 7.08 7.52 7.30 5. 61 2.99 2. 86 6.14 5.99 
Commercial powders: 
der eee, Ser et Vaca 8.33 6. 85 4.34 DORM ed hee DABS sere epee | eee 
7d ate She Mes rp les 7.76 6. 58 4.66 Fa al Ua) gestae UP Teen rhea NS ARS ind (ioe ate us 
ieee he ne eres. tiny 9.15 9.08 7. 28 eu Dis aeteh cies Peal ty OO) US ie acrid Valea og et stadt 
Alapys Paie Nene 7.03 8.37 5.19 4.97 2.48 PO AS Im Mamie AN, 2. 83 
Sie ee Ree mgstna tnt 7.63 8.14 6.09 LAE AN Bae aaa 7 A a es he ome Biel fn aero 
Grease eee 7.88 6. 83 6. 87 4. 04 3.03 2.91 4.87 5.19 
71 et Sen eae nh ek rl 11.79 6. 63 6.03 4.29 2.48 2838 ee een oe epee 
Co get a Sie s ei ea ny 8. 68 7.36 8.68 5.17 3.47 3. 29 6. 03 5. 86 
ob ye ees 4 GEA < ea ane 9. 20 6. 94 8.51 6.17 3.09 PA Sto Li PE Ae oo Od Leh Pee Fe ad 
5 {eS ae ere er eee 6. 70 8.10 6.18 aH ay BAO Taye ccte ge eee [8s era eel ee seo es 
1 Ui Late a: Beal eis Re 8. 62 7.45 4.41 2. 41 TS GOS ie i eee 0 aA 0 coer |e ee 
) AEE 5 SL re ee Pe eee 4.55 10. 89 S32 3.43 QE ORS Ae BNE eR TNS See eb ian 
Minimum...... 4.55 6. 63 3.72 2.41 1. 60 1.53 4.87 2. 83 
Maximum...... 11.79 10. 89 &. 68 6.17 3.47 3. 29 6. 03 5. 86 
Average........ 8.11 fe TUL 5.99 4.15 2. 63 2. 56 5. 43 4. 63 
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TABLE 16.—Chemical analysis of insect powder adulterants (Dietze). 


Determination. 
Soluble in— 
Adult t. 
Tie Moisture Ether. 

(loss at Ash. |Ordinary| Purest 
100°). Pele HELE. 
Specific | Specific eum eum 
gravity, | gravity, | ether. ether. 

0.735. 0.720. 


Johannesblumen von Chrys. Leucanthe- | Per cent. | Per cent. | Per cent. | Per Ch. Per cent. | Per cent. 
3. 76 Bio I! 


|OGUB NOG Reaes sive Peeinagtols, Ty Yeenaelirn Nemenpuc a tb ahem Menge o te ie dad: 8.2 2. 46 PAPE 
lor chamontayelassssmee eee eae 10. 39 12. 72 7.51 4.96 4.69 4.14 
Blorchamom= Womans ene eee 6. 78 8. 65 10. 06 5.34 4.09 4.05 
Flor. chamom. Calendule................ 11.85 9.19 8. 20 7.59 4.25 4.32 
Iitanthbool WES Coes accdacccasescdesenocec 3 0.99 2. 66 0. 23 0. 21 0.18 0.10 
MOL AKS CNT eee eae eae Gee tea te 10. 13 11. 06 5.91 3. 69 3. 36 3.39 


Dietze declares that the value of an insect powder can not be 
determined by any of these extraction methods, whether made 
with ether, petroleum ether, or chloroform, and the determination of 
ash and moisture, but that a practical test upon insects is necessary. 

Fromme (85), in 1900, published results for ether extract deter- 
minations of from 6 to 7 per cent on half-opened buds and from 7 
to 9.5 per cent on unexpanded buds. The ether extract of pure 
flowers is of a golden-yellow color, while that of the stalks is of a 
greenish tint, thus making it easy to detect such adulteration. 

Haywood (121) gives the results of the chemical examination of a 
number of commercial insect powders shown in Table 17. 


TaBLE 17.—Chemical analysis of commercial insect powders (Haywood). 


Determination. 
Product. | Chiro 
Mois- Ether Lead see pialexenni onan F 
ture. Ash. | extract. | inash. | M#UM | inash, |Purmeric. 
in ash. 
Per cent. | Per cent. | Per cent. 

Black flag insect powder..-.....- 7. 21 8. 01 8.91 | None....| None....| None....| None. 
Bun ach. oe sess emcee see = = 6. 96 9. 69 9°09 |-5-G0- =< | 25-002 = -12- OG seer 
Persian insect powder......-..-- 5. 82 12. 02 5.15 | Present .| Present .|...do....| Do. 
Pyrethrum insect powder....... 7.39 7. 80 8.38 | None....| None... -|--- do:=: 2 De 
Death dust for insects. ......... 6. 75 7. 74 10368) 222d 0S s5-|2 2G Os 22 laen Od One| Or 
Pyrethrum powder.......--.... 7.49 11.91 6568222005 -ssica- do.<.:|22:d0s-e4|a bos 
Dalmatian insect powder....... 6. 24 8. 35 63:433|22 ds. 5.|5..d 05-20 |e doseeste a DO: 
Tiger insect powder.........-.-. 7. 68 6.47 6:22) |pecd Ose | dona Zen Coser pO: 
Magic insect powder............ 6. 47 5. 90 6. 35 3.d0 22) do= | E=dase en eeeo- 
Insechipow Ghee clare cas 6. 87 8. 03 | 6. 78 Red Os ss. EO. 22 1 e-gdot es) aeeiioe 


Later, Haywood (122) gives the results of the examination of 
commercial insect powders for the presence of chromates. Chro- 
mium was determined quantitatively in the ash by titration with 
permanganate, and the values calculated to lead chromate. Of 105 
samples examined, 19, or 18 per cent, were colored with lead chro- 
mate, the amount of which varied from 0.12 to 1.47 per cent. 
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Grieb (107) gives the ether-soluble matter of a number of insect 
powders. Nine samples obtained at different times from the same 
source gave ether-soluble matter from 7.3 to 12.4 per cent, while 5 
samples from another source gave 7.0 to 12.0 per cent. Grieb makes 
a preliminary test with 1 gram of powder, shaking it with 10 cc. of 
ether in a test tube, and if, after settling, the ether is of a marked 
green color (‘‘indicating the presence of ground stalks’’), the assay 
is not proceeded with and the sample is rejected. 

Jean (147), in his analysis of a number of samples of Pyrethrum 
powder, determined moisture, ash, “‘acidity,’’ alcohol-ether extract, 
resinous substances, substances soluble in water, and the iodin 
absorbed by the water solution after rendering it alkaline by bicar- 
bonate of soda (Table 18). In order to compare these results, Jean 
prepared a powder from genuine Pyrethrum flowers, called the ‘“‘type’’ 
sample. 


TABLE 18.—Chemical analysis of Pyrethrum powder (Jean).} 


Determination on dry basis. 
eamaple: Acidity | Alcohol- | Resinous| Soluble | to4:n ap- 
AS as ether sub- in Mase “Al Moisture. 
H,SO,4. | extract. | stances. | water. ; 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
UA OCS eh uO DAR Bee Oe meme 8. 90 1.00 24.03 9. 30 14. 73 Retail es Re oe 
ING vos eas SEE ES Sal ie ki ee mE BA 7.47 . 99 24. 94 .O1 16. 93 7.65 11.5 
JB a ia od Rhee eR Ri aie ene ORE 10. 04 1.09 30. 47 13. 76 16. 70 5. 22 9.9 
(OES SEEMED Rete oie Ui aes eB iee htal e ee ae 8. 70 . 64 21.91 9.41 12. 50 By dS |p 8.0 
1D) tbat tases 2 See le ee en 9.02 1.03 24. 40 11.14 12. 26 5.8 12.5 


1 Jean does not give his methods of analysis. 


2 Contained potassium chromate and sawdust. 


Sato (236) states that. mature flowers of the Chrysanthemum 
cinerarrefollum should be used in preparing insect powder. ‘The 
most desirable moisture content is 7 to 8 per cent; the ash is 6 to 7 
per cent, and always shows the reaction for manganese. The greater 
the content of ether-soluble matter, the greater the value of the 
powder. If the ether extract is green, leaves and stalks have been 
mixed with the flowers. The amount of ether extract should not be 
less than 6 per cent, and the ratio of ether extract to ash should be 
greater than 1. H. W. and S. C. Gadd (90) give methods for 
detecting turmeric and chrome alum in insect powder. For the 
determination of ether-soluble material they use Durrant’s method. 
According to them the ash of a genuine powder should be of a light 
eray color and should not amount to over one-sixteenth of the 
original. 

Vogt (286) in 1906 wrote that he invariably found a rich yellow 
percolate to be characteristic of the finest insect powders. He ob- 
tained 7.72 per cent of ether extract in a sample of insect powder 
ground by himself from closed flowers, and stated that samples of 
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powders guaranteed by first-class houses to be ground from selected 
closed flowers have yielded from 7.13 to 10.25 per cent ether extract. 

Evans Sons, Lescher and Webb (76) give the results shown in Table 
19 on the ether extract determination of insect powders. 


TABLE 19.—EHther extract determination on insect powders. 


= Ether 
Year. Labeled as extract. 
Per cent. 
TOOGH See te A et ee Closed ehlO wens > SS Eo REE Ss Die ete ne ee 8 to 9 
OO G Rae ees ee OPeMAOWErS co ieee es Gee eS ee ee ee 5 to 6 
ROO G Hee a ee eR RE ee Koo bk: . cARSAS SS SESE See EN See ee a re Up to 5 
HOO (ars SRS ag OS Closed flowers. .....-.- sa fata Syd eg: CS a3 ee eae Pork ae ee eee ORE 8.5 to 8.8 
1 AVS Ss anne se ey Ae ee Open Mowers ss SSE Sate ee aS td tee eae 5.8 to 6.2 
1 QQO SS Bere eS he Powder from: closed:flow ers 2 5 eee eee ee 6.9 
OOO SE ee an ea | bee GO S225 eS SEE SENS 2 ee See Ree eee eee 6.6 
O00 Ee ee eee S pemamecees Powder tromihali-open flowers: = -ccck noe sone eee eee eens 5.9 
TOQO ars See eoet aS seep ee Powderiron’ open Mowers). 4.255282) eee ces yee ee eee be 


One sample examined in 1909 gave only 4.3 per cent of an extract 
heavily contaminated with chlorophyll. Microscopical examination 
of the powder showed the presence of tissue derived from the stalk 
of the plant. Eight American commercial insect powders examined 
in 1910 contained from 3 to 4.8 per cent ether-soluble matter, 
the green color of the extracts indicating admixture of open flowers 
and stem tissues. A few foreign-ground powders examined in 1906 
yielded from 2 to 3 per cent ether extract. The powders reported 
in Table 19, examined in 1906 and 1907, were of their own grinding. 

Southall Brothers and Barclay in 1910 (268) reported finding from 
7.57 to 8.28 per cent ether extract in authentic samples of imsect 
powder when determined according to Durrant’s method. Japanese 
flowers, mostly open, gave 13.98 per cent “resin” of an orange- 
brown color. In 1912 (269) they found 3.81 per cent of a deep- 
- green extract in a specimen of insect powder said to be ground from 

stalks. Leubner (172), in 1910, found 5.59 per cent of a dirty-green 
extract in a sample of insect powder. He macerated the sample 
with an excess of ether for 3 hours, and dried the extract at 100°. 

Cesar and Loretz (43),1n 1911, gave their method for the determi- 
nation of ether extract of insect powder as follows: Seven grams of 
the air-dried powder are treated in a 150 cc. flask with 70 grams ether, 
macerated 2 hours, the mixture being frequently shaken up by hand, 
then filtered through a 9 cm. filter; 50.5 grams (=5 grams powder 
air-dried) of the filtrate are then evaporated in a 9 to 10 ce. porcelain 
dish over hot water, being careful not to set the dish on the ring oi 
a steam bath, as the solution in that case will creep over the edge. 
The evaporation is carried to dryness, and the residue brought to con- 
stant weight in a desiccator. The extract should have a golden- 
yellow color and a characteristic, powerful odor, which should not 


eg tn ee 


Te eee 


INSECT POWDER. 43 


resemble that of chamomile. This method is somewhat different 
from that given by them in 1898 (42), a slight modification of Dur- 
rant’s test in which the extraction of the sample with ether was 
continued as long as the solvent took up anything, instead of ex- 
hausting with a specified quantity of ether. This method differs 
from that published by Fromme in 1900 only in the time of macera- 
tion, being two hours instead of one. 

Cesar and Loretz (42) found that insect powder made from closed 
flowers yielded from 8 to 9.5 per cent of extract, while open or partly 
open flowers gave 6.5 to 7.5 per cent. They state that the color of 
the extractions varies from pure yellow, dark yellow, and brownish 
yellow to greenish yellow, while that prepared from stems is of a 
dirty-green color, and the residue. amounts to only 5.5 per cent. 
They state furthermore that the insecticidal properties of insect 
powder are fully represented in the ether extract, and are not due 
to any alkaloidal bodies that the powder may contain. 

Linke (173) obtained the values shown in Table 20 on six authentic 
powders. 


TABLE 20.—Chemical analysis of authentic insect powders and whole flowers (Linke). 


Determination. 
Sample No. Moisture een 
(loss at (Du TAG , Ash. 
100-105°). urrant’s 
method). 
Powder: Per cent. Per cent. | Per cent. 
Naan Do ae esl barat he SHINY ERY UR EUR RA RADEON EES SAND ERARR IE! rate 9.08 4.28 7.04 
DEP a icp Pa fen ka a clan i an lp ies ER ial aha ae 9. 64 5.48 aon 
Shs it hI eae RN RR IU LA a ea LER Ne a, eNO cali LIT 7.20 15.56 7.64 
Ns in DRESS RAC Rae ed ARP R a des SONS R Se Tier Peet: MOD AMC LEA INES tee) 6. 66 EOP) S Maas tee a 
apap retire Liab, Fre eae gs tree wi ws ag bash ee hae a ne A FSI 6. 22 6526) |e 
Bis Sos SES REE GS RS ees A ea he hal nea AE LR tlhe oil at tle eh Me alice 5.24 5.56 6.5 
Whole flowers: 
PUA ec ee by Bere ih cs De Ne mie ey Ta aah ot Ws dan RUS gee Hala Eats Me a LOE Di ikea tla lees Fi yetets) 
ONT tee ee ot Es RG IOE ee a Tn ep, PEAT ER IEURRE ENS WAU RAREST APU, Tey ROE TOPSGAS LAs eee 6.44 
Be OE e ey oe PE EU TALE HS Teicha ON OEE ARNG DWE! SG teN PADMA LNEE ODN sane eC TOM co's | lear eee eee ee 6.4 


16.80 per cent when shaken continuously for 2 hours. 


In the ash, the presence of iron, manganese, aluminum, calcium, 
magnesium, sodium, and potassium was shown, but in no instance 
was chromium found. After evaporating the ethereal solution the 
residue was dried at 100° C. for one hour before weighing. 

Sattler (238) reports finding lead chromate in an insect powder, 
the ash of which was 6.105 per cent. Wiebelitz (293), 1912, found 
a lower ash content in two samples of insect powder than that usually 
reported, namely, 4.7 per cent and 5.1 per cent. Siedler (150), in 
1912, obtained the results given in Table 21 on pure insect powder 
and on stem powder. 
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TABLE 21.—Chemical analysis of pure insect powder and stem powder (Siedler). 


Determination. 
Product. Moisture| Ash on air- Ether 
at 110°. | dried material. | extract. 
Per cent. Per cent. Per cent. 
Bure insect: powd Orgs ss 2 os eee ee eee eee 10.77 G5SE tOn/. 20s ate 
Powderirom best flowers: 2183, £2223 RRs NIE Se Ree eee ee 5 |B. A a eee ee 6.14 
LOM POWER 258 5 a2 ee Sa er | 8.69 6.39 1.48 
Unpowdered, but finely-cut flowers........................--..2---- fetii seit 6536 [224.354 


Siedler used ether with a specific gravity of 0.720, and, after com- 
pletely extracting the sample in the cold, allowed the ether to evap- 
orate spontaneously, and dried the residue for one hour upon the water 
bath. The color of the extract of the powdered flowers was dirty 
yellow, that of the stem powder green. With concentrated sul- 
phuric acid there was no characteristic color reaction with either 
resinous residue. Siedler found the petroleum-ether extract of 
pure powdered flowers to be 4.01 per cent, and that of stem powder, 
1.01 per cent. The flower extract was a pure yellow, that of the 
stems a pure green. With concentrated sulphuric acid the petro- 
leum-ether extract from the flowers gave a deep green color, the stem 
powder a brown. He attempted to obtain a basis for analysis by 
means of the optical behavior of an alcoholic extract from flower 
and stem powders, but this extract proved to be optically inactive. 

In 1913 Siedler (257) commented as follows on the chemical exami- 
nation of insect powder: 


As the best criterion for the value of the insect powder is the determination of 
the ether extract, which was first made by Thoms. Later this method was modified 
in this way, that the powder was shaken with ether and an aliquot part of the decanted 
ether solution allowed to evaporate. This procedure has certain drawbacks. It is 
not possible to decant a definite quantity of ether solution without causing a difference 
in weight by evaporation of ether. Further, the ether solution can not be obtained 
clear except after long standing and it is very difficult to filter clearly. It always 
deposits fine dust after filtration. Finally, there is generally the feeling that the 
powder is not completely extracted through simple shaking, that a part of the ether- 
extractable material escapes determination. 


In the same article Siedler gives results for the determination of 
ash in insect powders (Table 22). All these samples were ground 
from the best flowers free from stems, and had an average moisture 
content of 4 per cent. The total ash and the ash insoluble in dilute 
hydrochloric acid were determined on 2.5 grams of substance. 


TABLE 22.—Determination of ash in insect powder (Siedler). 


Insolu- | Insolu- 
Sample No. Total. | ble in || Sample No. Total. | ble in 
HCl? | | HEL 

Per cent. | Per cent. 1 | Per cent.| Per cent. 
Dee eS a eee ERS Nae .6 OF]: |" 6286.09.22 Be eee eee 8. 0.1 
Oe ER Sel RY Oe E75 ORS VE He oe heel ab: I lee Ss ee er eee 7.9 ak 
Bh wed Nin ce oe Re, ila 7.0 yb eee nee Sate nergy! « 7.7 | I 
cAI ee ie ee Fe lat ee se Re eRe 7.0 32 A Gee ase ee, See eee 7.8 | Sp 
ae IR = ae te rs ye Sister 7.9 al Se | hel ie ee oe eo Sesoec 6.8 ea | 
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Fromme (86) reports the ash content of msect powder as being 
between 6.5 and 9.5 per cent. In a later article (87) he criticizes 
the method of Trottner in which the number of pollen grains in 
1 milligram of powder is estimated, and the value of the 
powder thus determined, the greater the number of pollen grains 
the better the powder. Fromme determined the ash and ether 
extract, observed the color and odor of the ether extract, counted 
the number of pollen grains in 1 milligram of powder, and made 
physiological tests with flies upon 7 samples of insect powder, with 
the result that some of the most active powders were shown to con- 
tain fewer pollen grains than other powders prepared largely from 
stems. The analytical results on these 7 samples are given in Table 
23. 


TABLE 23.—Ezxamination of active insect powder (Fromme). 


: Pollen 
Ash. Ether Color of ether extract. grains in 
extract. 1 
mg. 
Per cent. | Per cent. 
8. Mogae GOldenEyellOwy. “seer ice hese eee ee ote SO RE Ee eae yes ieee ae Pain 308 
reali) GAOOF PGLCCHISH NVC NO Waa Men ccs ccs eae Nett eee iae os oe maleate, oer ae eee 2,415 
7. 25 Balop pGoldensy Glows 5 ee ends stick Hed stot. snteeiae es be Yaelee Le saate vies cee 2, 900 
8.00 DASOk | MEeCCMISh av eCllO Wares mess cee wake cw ccc cose ae Oe ete Ss el ol eee 230 
8. 84 G2 7a ln Goldengyellow ees apy soS tore od Sept bd ee Shyer «ete sete «ee Ne seep Se 3, 000 
8.00 ONO Le DING yg Ce Mee s ets eee ce ees ee aes eee tee ope 2 ea er oe 0s ac ne eae 710 
7.10 SMOnlgGreenisne, greta oe wasicine «Shc See eee os Soca eee eee: | 294 


SUMMARY OF METHODS. 


From the foregomg review of physiological, microscopical, and 
chemical methods for determining the genuineness of commercial 
samples of insect powder, it is seen that while satisfactory chemical 
or microscopical methods have been developed for detecting the 
addition of adulterants such as other species of flowers, curcuma, 
and Pyrethrum stems, these methods are not capable of accurately 
determining quantitatively the extent of this adulteration, although 
the amount of stems can be approximated by comparing under the 
microscope the unknown mixture with known mixtures of powdered 
flowers and stems. Of course, the amount of an inorganic adul- 
terant, like lead chromate, may be accurately determined by chemical 
analysis, but such adulteration is now quite rare. Probably over 95 
per cent of the adulteration of insect powder at the present time is 
with ground Pyrethrum stems. 

One of the most promising microscopic methods for examining 
insect powder thus far proposed seems to be that of Trottner, in 
which the number of pollen grains in the weighed quantity of sample 
is estimated. This number, however, varies so in different powders 
of equal effectiveness as to prohibit a rigorous quantitative applica- 
tion of the method. 
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Kuraz has done more than anyone else in determining the relative 
effectiveness of insect flowers and stems by the method of testing 
against flies, but there is so much individual variation in the results 
by this method that its value is greatly lessened. 

Of the chemical methods proposed the most valuable is the deter- 
mination of the amount, and more particularly the color, of the ether 
extract. The amount of ether extract in flowers, however, varies 
markedly, as is also the case with stems, and its determination alone 
is not sufficient to enable the analyst to establish standards. 

No element or compound that can be detected with the present 
methods of analysis is present exclusively in either the stem or 
flower of the Pyrethrum plant. 


AUTHORS’ METHOD. 


As has been stated, the addition of ground stems of the Pyrethrum 
plant to the powdered flowers is at the present time the chief form of 
sophistication practiced. Since the amount of added stem can not 
be accurately determined quantitatively by the microscope, although 
it can be approximated, it occurred to the authors that a chemical 
method might be devised for measuring this form of adulteration. 
As long as the active constituent remains unknown, it is necessary 
to rely upon the determination of some essential constituent which 
occurs in the flowers in a reasonably definite amount and which is 
either absent or occurs in other parts of the plant in a widely dif- 
ferent amount. Most of the constituents occurring in the flowers 
that can be accurately and readily determined occur also in all other 
parts of the plant, though in varying quantities. Nitrogen and 
phosphorus occur in the flowers in relatively large proportions, in 
comparison with the amount present in the stems, and upon these 
two constituents the most stress is laid. As indicated by investi- 
gations previously referred to, it may be true that the active insec- 
ticidal principle is soluble in ether and certain other organic solvents. 
Nevertheless, the efficiency of the product can not be measured by 
the amount of this ether extract as now determined, since many of 
the purest samples show a much lower ether extract content than 
some of those seriously adulterated. The color of the ether extract, 
which should be observed before evaporating off the ether, is of more 
value in determining the purity of the powder than the quantity 
of this extract. Its color should be yellow, with never more than a 
slight tinge of green. 

For the purpose of securing data as to the chemical composition 
of Pyrethrum flowers and stems, a number of genuine samples were 
secured. Most of these samples have been the C. cinerarizfolium, 
the species commonly used in the United States at the present time 
for the production of insect powder. The three grades of flowers 
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recognized by the trade, namely, ‘‘open,” “‘half-open” (‘‘half- 
closed’’), and ‘‘closed,’’ were secured. Samples of the commercial 
flowers, consisting of from 1 to 2 pounds of material, were obtained, 
and the percentage amounts of stems and dirt (including all 
matter other than flowers or stems) present were first determined. 
From the commercial samples of Pyrethrum stems the burrs, straw, 
and other foreign matter were removed and classified as ‘‘dirt.” 
In each case 100 grams of the material, selected so as to accurately 
represent the whole sample, were used, and the separations were 
carefully made by hand. After separation of the extraneous ma- 
terial the flowers and stems were each ground to a powder for 
chemical analysis. (Owing to the small quantity of ‘‘dirt” and 
stems in the commercial flowers and to the small amount of dirt in 
the stems, it was found that these had little influence on the com- 
position of the stems and flowers. The removal of this extraneous 
matter was therefore discontinued.) 


MertTHops or ANALYSIS. 


Moisture.—Two grams of powder were weighed into an aluminum 
dish provided with a tight-fitting cover, and dried to constant 
weight in an oven heated by boiling water, a vacuo. When cooling 
in the desiccator and when weighing, the dishes were kept covered, 
so that the powder could not absorb any moisture from the air. It 
was found necessary to heat the powder from 8 to 10 hours before 
constant weight was reached. The loss in weight was reported as 
moisture. 

Mitrogen.—This was determined in 2 grams of powder according 
to the official Gunning method." 

Ash.—Your or five grams of the sample were weighed into a plat- 
inum dish and slowly heated in an electric muffle furnace, finally at 
a dull red heat, until all the carbon was consumed. The residue was 
reported as ash. In practically all published methods for the deter- 
mination of ash in insect powder, it is stated that the powder is 
simply ignited to constant weight. Such a method might give erro- 
neous results, due to the presence of volatile potassium salts in 
Pyrethrum, which would be lost; also, ignition in the presence of 
organic matter would reduce phosphates. By using an electric 
muffle furnace all the carbon is consumed at a dull red heat; hence, 
these losses are practically prevented. 

Ash insoluble in HCl (‘sand’’).—The residue from the ash deter- 
mination was transferred to a beaker, and digested with dilute hydro- 
chloric acid (water 100 cc., HCl, sp. gr. 1.19, 15 cc.) for 2 hours on 
the steam bath, then filtered, washed, and the residue ignited and 


1Jour. A. O. A.C., Vol. 1, No. 4, Pt. II, p. 7. 
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weighed. Since the ash in different samples varies, the ash insoluble 
in hydrochloric acid was calculated back to the original sample. 

Phosphorus in the ash.—The filtrate from the last determination 
was made up to volume in a graduated flask, and phosphoric acid 
determined in an aliquot according to the official volumetric method 
(Jour. A. O. A. C., Vol. 1, No. 4, Pt. I, p. 3), allowing the solution 
to stand 30 minutes or longer at about 45°. The phosphorus, reported 
as P,O,, is calculated on the original sample. In many cases the P.O, 
was determined gravimetrically (Jour. A. O. A. C., Vol. 1, No. 4, Pt. 
II,-pp: 1-3). 


RESULTS OF ANALYSIS. 


TABLE 24.—Eramination of “‘closed” flowers (Chrysanthemum. cinerarixfolium).} 
Ty ) 


Determination.? 
Sample Source. Stems. | ‘‘Dirt.” | Ashi 
krone | Nite |g | ee 
ture. | gen, N. ‘in HCL. 

| Per cent. | | Per cent.| Percent.|Per cent.| Per cent.| | Per cent.| Per cent. 
123212 Japan se). 52 ss. A ae 1.00 0.25 4.50 1.58 6.80 0.67 0.715 
12325) | PP ULODC see ee ce es Sa 3.85 19 4.65 1.83 7.84 .16 . 728 
15577 pl Ree dat a Fie = eae 3.85 245 4.40 1.74 7.38 17 . 622 
123344/....- (Gest s Soe se ee 6.25 .30 4.87 1.65 7.29 15 . 604 
(85s| apans +6. TE 1.55 5) Fale2| Sage FS oo 48 "709 
14920 | Huropes.23— 32.25 ee EU ces eer 5.10 1.75 6.61 . 33 . 744 
14921 22S. C0 ia ie et BOR Beek Lee es at (ee eee ae 5.70 1.92 7.12 05 . 740 
PAG 20 sie aeRO Ola. oe ee See 6. 44 .38 5.51 1.65 6.12 .21 . 754 
149598 apni fly PL) Re 57 au 8 | 5.71 1.64 6.19 . 26 . 729 
14034 eB TOC -s 5 se hc 3 ese 1e 635) 25 5 sen 5.08 1.73 6. 24 sid - 679 
14938 |...-- GOS S28 SS Re ESO eS. Odi [See 6.15 1.74 6. 54 -36 .770 
15009 |... . GOSS 57 Soe, Se ye ee 3.083|2— eae = 4 5. 94 1.80 7.43 .10 . 743 
151364)... - Of 255 he RES. de 5505 [a Ae 2. >. 7.55 1.87 7.69 | 47 815 
17389" |=. . 5: (0 (7 Een the Segond aaa Se © 252051 Rrace Nee Se 1.69 6.97 | .08 .624 
1 7SOTS i anan sesso eee jis = Sabor (REACee aye mete 1.81 6.91 | 24 751 
iV SGA i DTG) eee ee ae Sees See 154 ic BTACC |e 1.59 7.07 .13 621 
Li ( ay | ae ee 2 Os ke ess nee 5 LEP See ASQiAt- RrAaces es tae see 1.85 7.36 .08 . 706 
17749 |_...- Cs (0 ap ae re 2.03:| “Brace. Y= 2252 39. 1.78 7.70 me 591 
1 Cres 1 Ieee Oe ee ae ee 2:36) “Wrace:s [2.222 1.73 6. 86 .13 | . 659 
Minimums. 50 ee ae 57 | 1 4.40| 1.580| 6.12 05 | 591 
Ma xP TITTY ee ps Se rene ete ee 6. 44 | 75 (255"\_ 2 12920 7.84 67 .815 
AV GRALC 8 tees SAN aS ese 2.72 | . 30 | 5.37 | 1.741 | 7.01 21 | . 700 

No. samples examined.....--..-.- 19 13 Re: 19 19 19 | 19 


1 Practically all of the samples reported in this table were shipped from the port of Trieste, Austria. 
2 The flowers only were analyzed. 

3 Stated to be of J anae anese origin and to have been repacked in Austria, but there is no proof of this. 
4 Imported as wild Montenegrin flowers. 


TABLE 25.—Examination of ‘‘closed” flowers (Chrysanthemum cinerarizfolium). 


| Determination.! 


Sample No. 


eee | Ash in- 
/Nvapeen,| ash. | soluble | P20s 

| in HCl 
Tpportes from Europe, supposedly of Dalmatian origin: Per cent. | Per cone. Per aed Per cent. 
Ene EM eS CAS Soe Ree Pe eatin nee Cen eee 1.77 . 66 : Sees 
Lane SNS oe ais he eS cas See Uh se ea ase eee RS: 1.55 6. 25 toy Bees 
PUGET SUE. Vea i be Se eee | 2.00 7.91 ds 1 katate de 
E5271 222k 2 pices - et. eee ¢ Be ieee Pele tee ee 1.72 | 6.56 Sous Sees ee 
BOSAL Ae tte ek Se es seo ea eet eee oSence eae cecmc enone 1.64 | 6.21 ap. iy [Stee Does 


1 Results determined on the samples as received, including attached stems and the smal] amount of dirt 
present. 
2 Stated to be of Japanese origin. 
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TaBLE 25.—Hzxamination of ‘‘closed’’ flowers (Chrysanthemum cinerarixzfolium)—Con. 


Determination. 1! 

Sample No. Reingece 
Nitrogen! ash. | soluble | P,Os. 

: in HCl. 

Imported from Europe, supposedly of Dalmatian origin—Con. | Percent. | Percent.| Per cent.| Per cent. 
NVM scae bbe habe cSt Ro eb Eel Can SAOEs EEO r er ae 1. 54 6.29 02.26; ees: 
LG 2G apres ore Pe terayate eerie ate ie eet\aralalein to: ciesisigiclersisie/sta se 1. 54 6. 28 130) |. Pe 
IZA LES ct HERO RO OR DSS Ce SSE BEES Oss GORE AE enn meaner 1.80 7.94 3 LS) | HERS 
TR SAS Sod Se deGades ac BOIRSEEO OSD Cae CO Ce serene Haare 1.83 7.46 209) | sees 
NGIBPAG Acuse Gasca SO OURS BERGA S Sob CoRR S ene ARE EE ann erie 1.85 8. 28 SOL; |i keen 
PST GO) ese irs ay pee ite Ieee Herale Se era ec ce fac se cla sine ae Nsiteel 8. 22 A090) cS eee 
CB YBa SCO aS CRB OS 1g ABDC Ube GEER Dent ieee eee arene 1.95 7.74 Pi id a sil, sat 
DET ee ambos HEde SOs CORONER OCHO. te SOEs Ce meen eine ee Sees 1. 86 7. 54 «Lot [53 eee 
Eka soo ot HOSBSa US ASCO RSCUBOs to CEG She eens eee es ape 2.09 8.06 LAS | SRS 
OVP ee epee BeGodd Suc DOU SUrU es G6 SESE S ROO Se ne ears aerate 1.82 7.61 LL |: eee 
IM OSS 5s so ede peakoesoc Coc be boots 646 Hen Sos Paes ROE pEenaee mess 1.82 8.15 2167) Seana 
OBE 5 He Se Bee OSS Cin UCC ce CS EER EE Pe ae a 1.67 6.72 20): |\sae une ae 
TONE an Gab oak SORE SCORER EN Gos 656 GOMES ene am eee rare 1.71 7.42 - 16) ese eee: 
Ri ed SOS ae Baa S eS Sas EO ES EES J qUCE ET Ae SEAS One eee 1:91 7.52 PAB TN ees Ene 
Pr Dee SoS Mane bocPBCO SSB L Oe & ac SEEN Aalsee ee eines aE as 1.92 7.73 12 | eee 
OE ISS Ses SECIS Si SEIS SE OTE cates TERE Rete ree a eco Pra 1.89 8.06 16/2 2 sae 
TROYES OS seh sacar nce perme il ert 0 aerate ge ge 1.79 8.03 £08) | aout a Maite 
TSS ue area pos erst te ee ee eho cee rere ciacin cis stan Give eces sri) 7.08 SOB Goyer S 
PCO) Seis Soap cole BRS EOHOl c Ob BEE OSCE C Bee eee arena 1.60 7.14 2) Da | ca ees aie 
OO Occ dao Ee OS LOUD OABRE OHS AOU GCE a ARCS Eee areas 1.75 6.90 04s aoe s 
PIB RY a. VOUS 6 SSDSB REDE 6 GRADU SE Son Bi SaSe UES e as ae eee eae 1.60 7.30 Suis eee aS soe 
Sf Orne ee a ay stee meena em mean CLAM TE eS 1.78 6. 22 728) sae eee 
2 Oi Oaaseeue coascnauanoSocecabE caeCOSHCSeU SBE eens aap eeiaeE 1.78 7.96 BIS jal lopsesa eg 
FAA oa CO OSS EEE B OBE BS DEORE SERS E DS CONS See ie NEE aa aera 1.65 7.53 £7) Dae ls 
DDO aici 30 Cosa CSOs Se Seno CR Got SOS Eee ere eee 1.87 7.48 OO} |b .npieee eee 
DPI) Se, Sai | ARS a pe eS a ci a at ane ne aS ea 1.79 6. 22 OO), | aren 
299 Dada REO COS NESSES Bod Ba OSE OER SES eC esa ome Ee 1.81 7.35 SES | ees 
CPR aes SU BO SOE TOR Eee OE BOOT Mt eh ars SEE ana 1.71 6.98 Scie aa is 
I iG SOB SO bOd boo ob aba 56 56 BEEBE BORE Se cae eet ees ene 1.53 6.85 214 || Ve 2 
IPI. 5 KHAO BGO BOO CROSS BOO ESSE SAE HOt ee SESE SR eae aeeaeee 1.90 7.98 SOON (Reser sons 
ODA See eT ee ae ee ee ae ele ee eee he San 1.72 7.36 SO | Seeeees 

IW (rai pCob Ee 38 erage SOOPER OS eA SEES cre OCS S Sales 1.53 6.21 208) eon sere 
Web qh oogbb ON GRee rat elas coke Aue ns ron i is NR gear en 2.09 8. 28 At) Eilat ote, ee 
PSEC (RB ETEN 0) CXS) RRs MeO es le es a 1.769 7.33 otk: | Sheer 

Japanese origin: 

ZEUS BOSE ACSROE OBESE ESTERS Ce TEs RES ae ela Neon 1.69 6.36 35 0.620 
NGS eet arora ere ere eee Ieee orate peace Si siais see ee nected 1.74 6.27 ~25 . 758 
PAD Diss SOAR OOO OTIO COLI OC ITE ETS OE as ER eer re ae Cae an 2.01 6.03 19 . 730 
7H Oe pa bGab GHGS SSE ECR OE Ce Ee Tere ae OE re eee a Aaa 1.84 6.68 . 34 . 642 
7A cian Sea tiaGyrrs HSre Ss eicietaO Se SERS Ei ielee eae ee eR 1.74 6.63 iedsest all . 693 
7A en 3 ads Bobo pe SIMO Se bate cae MES Seager cai oa 1.94 6.16 .27 . 663 
PHAN sess Gbe BECob OC CHORE AOBAS BBO Sn Ree ei i eaael a anaes 1.84 6.61 29 . 636 
2 os AEE AS CE GOS CUO EE IOUS AOE no CIDE ese teat sane ee aaa es 1.78 6.99 -38 . 697 
A AE yay ptoet al Nar ia isles Sra ee ee tae oo se ee oe os | 1.96 6.75 - 28 ~ 129 
Pe NE) A om tle, Bee A SA re ae |p2== 1066 6.95 BSOH Rare tee 
PBDI ae SOO HOSED SRO UNO CORE RIED Oe EEE SR eI eet ene acme 1.65 6. 48 DON haem ana 
EEAIR Ee MO Roe RAMS OSD SME cs cpmMN RN aNn Sele a cathe eeexte72 6.67 EY Oe eerie 
TTP ries Sete pe i MI UR | 3 ae © EO eRe Pet aie apa eso bai 7.41 90 729 
ZS OLS eet tee eka ee ee Se A MANES SUR Oe Le 1.75 7.18 $42 tee ees 
SOE rik che Sar be ROT ODE RE BOO Cet EEE Lehn nEal saan 1. 82 6. 85 S65y Pees eseee 
PO icigS oa OO OG NO ESE eet Sete Ge eee er Eerie saa eee 1.78 6.67 229) ken eee 
ZAR eee Nas Hp see Sa sia apse Oe hod AOD HAART RR LED ER 1.72 6.92 hile tal ee as ai 
ZA () SAU sehen oy pee or tesa RR Alain Me a A SR RIA A 2 in 1.76 7.09 BA Ne eee etl is 
DAN OS eee saat s ena yey eee a dee R a NRA Se oe Ceo SCC 7.01 STAN |e eee 
PAN OG Epteynece saps cyavsi weet rene itera eri vae er ic sie ire hae pinion 1.79 6. 88 AT oe ereedaier 
ALU.) Se epee as sy sect eee ed my ogre EN oval rou pr Ns aac oars tie Ge ate 1.80 7.15 Aiea EASES Se 
Pe Eas Sao ROO ere HOLES AEE So OES SIE HIE ee i a eam 1. 94 7.43 FU ul eters Bese 
FEA 8 3 esc Oboe ROP BSTC ® SBE BOSE ee eae trina eer era are 1.76 7.70 Modo Nisei es is 
PANN GSN es ee Be Neo afte apr Ek sal aia wichstata ate = ailcher sale 1.73 7.19 77 . 684 
Ele GIS OA Soon BOO COC GeT COST OCOD CREPE DE egeE Taare 1.82 7.39 97 . 647 
ATL SSA oa ee eva ey SE LS Syn eS ANd te aarti alot 1.76 6.96 . 60 . 624 
ALL SE een nn et Ac eee eae A es REA Re MD ro Relate ho a's cients we 1.81 7.40 - 98 . 686 
PINON bs este ca eee Ee ON seer mS aR A ea 1.81 7.26 rat leith bs Ss 
FOIA i Oe a REGEN et me hey bia Mea ae ia Beet ae TIES abe naa 1.88 7.33 S7OH See es 
DAZ OSes See St sa oe AS aSIaarsie fe Seis wte es nae oe Mase shee ete see 1.80 6.81 Sole Ree eee 
AS 625 sateen Nat oe Sonar Ne ea Sa edad ois Merehs nina. ere 1.74 7.13 a) le twee 5 
AL Dev emis retatate Nee eps ata Siar obi AavexerntevSichele is stare DSi sere mie sic siete ate 1.84 8.58 2.03 . 662 


1 Results determined on the samples as received, including attached stems and the small amount 


of dirt present. 
2 Stated to be wild Montenegrin flowers. 
3 Stated to be of Japanese origin. 
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TaBLE 25.—Examination of ‘‘closed’’ flowers (Chrysanthemum cinerarixfolium)—Con. 


Sample No. 


Japanese origin—Continued. 


Determination. 
: Ash in- 
Nitrogen Ash. soluble P.O; 
: in HCl. 

Per cent. |Percent. | Per cent. | Per cent. 
1. 84 7.72 ae ee eee ae 
1.91 7.46 89 |e 
1. 87 7.50 94 cot ee 
1.82 7.63 DOS See 
1.81 7. 84 122s) eas 
1.80 7.72 £94 2 
1.90 8.22 1. 835|- sees 
1.70 7.28 bi 045|:20cen es 
1.93 7.26 LORS ste es 
1.90 8.31 | 1oe7 eee as: 
1.91 7.82 1363/2 
1.98 7.68 bags Uae As tee 
1.87 7.59 1051: 2 Gee ae 
1. 84 (eet. 99): sear =. 
1.91 7.12 1635s ee 
1.77 (222 OES es 
1.61 6.03 .19 0.620 
2.01 8.58 2.03 . 158 
1.813 7.18 .79 . 680 

48 48 48 15 


TABLE 26.—Ezxamination of ‘‘half-closed” flowers (Chrysanthemum cinerarixfolwum). 


Sample No.! 


Stems. 


Per cent. 


<< Dirt.” 


Per cent. 


Moisture. 


Per cent. 


Determination.? 
: Ash in- 
Nitro- Ash. soluble 
gen, N. in HCl. 
Per cent. | Per cent. | Per cent. 
1.63 7.34 0. 12 
1.41 6. 88 -45 
1.74 6. 97 ~19 
159. Scene ct sae 
1.75 7.60 -47 
1.58 6.14 34 
1. 74 6. 88 -41 
1.69 7.91 “21 
1.47 6. 65 SSL 
1.48 6. 63 “18° 
1. 40 BEY! 47 
1.47 7.95 4 
1. 74 7.38 . 50 
1.45 (YO? aos 
Paleo 6. 70 B93: 
1.51 7.40 -30 
1.56 6. 55 .10 
1.52 6. 93 -10 
1.40 6.14 0.12 
1.75 7.95 14 
1.56 7.07 sol 
18 17 17 


1 Allthe samples in this table were imported from Europe and are supposedly of Dalmatian origin, 


except No. 20726. which was stated to be of Japanese origin. : 
2 Where the percentage of stems is given, the chemical analysis was made on the flowers only; on the 
other samples the analysis was made on the material as received. 


P,O5. 


| Per cent. 
0. 599 


eee ee ee eee 
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TaBLE 27.—Examination of “open” flowers (Chrysanthemum cinerarixfolium). 


Determination. 
Sample No. Stems. | “ Dirt.” : Ash in- 
. Moisture. Nitro- Ash. soluble POs. 
gen, N. in HCl. 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

SAD 13 Siete eS Oy Seas) eee 1.40 0. 30 4.81 1.24 5.71 0.10 0. 534 
18 8 ee Os eS el rape 1.70 . 65 5.30 1. 26 6. 26 oo 585 
LOY, baie ig GEE IES co hes tem 3.10 . 20 5.55 1.30 6.55 Au le/ . 528 
DSO ety eee ie the oe ree te Aim 3.50 65 5.40 1.31 6.12 16 .551 
TOSS DEE ac faa die 4 NS ae Pao a 2.75 -45 5.65 1.40 7.09 35 557 
NASI Te ae a Se Eg eo 2G es Vane a 6.13 13h 6.42 31 .593 
IV. Co feo ae er Seay ee ee OO Leg ena ents 7.70 deol 5. 68 .13 . 605 
1V(E7 Pe at oe ed SEAT Oy a ar Dad Oilers eae 7.41 1. 26 5.61 11 . 550 
AOR ee ee eR a 11408 3) eens ene 6.35 1522 4.88 09 . 588 
AGS Gea ae ee a 2.87 30 6.61 IPS 5.15 09 . 598 
PAGS G ey het pee i TSh 7A ee e 6. 82 1.33 7.06 65 .618 
TV VG Te OD WE a om ge ae TE SOM ee ees eiceie 9.21 1.28 6.10 28 . 537 
AGG Geert tee ee ee ee O75 8) Mal iy Sea ee 7.10 1. 26 6.15 28 - 586 
WAGED Sade Sie eee Bese Eos 2 AS Vays] We cei ae Ae 6. 44 1. 28 5.76 17 .615 
AOS et eee SEE Scie de 74S) §| ee eters 7.65 1.24 5. 68 10 . 588 
UGG. D0 eee Sia sie pie opie, | a TUCO 8)) EAE as oa 7.85 1.25 5. 56 -08 . 593 
UIE 7(Veseke el Seem ete sao ae — aes TPG O) Oi sae a 7.69 1.25 5.97 18 . 507 
TET at RR BE aaa li og Sen QS OnlETACO nc ole ereticisee te 1.26 5. 93 -26 - 541 
Th 3 oie) Seite ae aes ies aye oer See > ES aR eS DeAS | aM Oncor ae ate 1. 23 5. 89 24 .-510 
1h? 75 49) Meee oe, WO 9 oe eat oe a Se 2253 |S Onene al atieisinmicione 1.19 6.09 -26 457 
117379 BYRNE SS! Sac ee ence sh PAC | eager eae aa aoe 1B07/ 6.63 41 - 453 
ZR Gi ioe RR el ae a LO re ls ie re 122 5.73 23 524 
AIG Se Ren eae ee eee Gels 3 | 1G) PAOOr Ss aleaedaceeae 1. 26 6.11 46 -485 
COD BEES SUS PR Be Er ees oe eee 2.38 ClO Ai Does 1.25 6.16 31 - 486 
NGOS ee se mets eras 153 Olas eae 1.25 6.97 53 . 562 
WEG CA ey elaine winrsie by Aone eens 3.48 COLeeleoeteccess 1. 26 6. 21 39 - 459 
17/7 Ge BOGE ap tO cae em a se 2. 28 (0 Vo ret | He rai ed 1.18 5. 28 19 518 
Tepe oe ee Ost, Reine pe Op) aR Seen 1.45 GOs sa pee eaesee 1.36 6.11 29 Eaily/ 

Minimtameets 255 Nae 1.09 0. 20 4.81 1.18 4.88 08 . 453 

Nip e-abar(biort jee Se 4.51 - 65 9. 21 1.40 7.09 . 65 -618 

PAN CLAP Ct stlins: cosas eee ses 2. 29 -43 6. 69 1. 268 6.03 25 044 

No. samples examined..-....- 28 6 17 28 28 28 28 


1 Flowers only analyzed. 


TABLE 28.—LHxamination of ‘‘open” flowers (Chrysanthemum cinerarixfolium).} 


Determiuation. 
Sample No. Stems. “ Ash in- 
y Ltogen Ash. soluble P205. 
: in HCl. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
TZ D) 2a MIE) SIU ea oR BN SR 9 40 A945) 6.10 0.13 0. 537 
PAG pres etry ere cia eee VP eee cae foes See! oh Tess 2. 80 1 a7/ 5. 94 08 - 490 
TLRS os ATS Se ee ag SpA 2.70 1.17 6. 29 LOL Wee cars es 
TAGs a. pete eae WA cage dt Nh ae be fg aegis 4.00 1.25 6.36 Be a A Pe Se  e 
TIALS US ee DR eee IA Fa 1. 90 SPA 5. 72 Silt 459 
ZG Oe es ee rere ease uo gace nal et Lede aos ee eM Ee 4.00 Bey, 6. 47 -50 499 
WAS Soe ee ene ee ee meee. rear cere dl sees ae ears 1.26 6. 08 15 517 
TUL ESL0 7) oe a SRS RUE oS 3 8 £77 oa 6 SR aS | a ies 6. 89 47 513 
NAG Tse ate nes ein renner =n epmecionreeteniner nae toe haere arabe Neca eie bid 1.23 6.17 46 451 
Tee Gye eee Be wy al ii Da Ulan mak ie arm ies nN Stee ae Frais 0 | oc Mea 1.27 6. 10 22 514 
GUSTO) By ee Bo 42S oe = Oe Aas oti NA Shea py noes: 2) Pa ee a eee 1. 24 5. 76 31 462 
TS) oO Sa eS RP Se STS (ERR 3 Ms SPDR LS. | ue ee Oe 1. 24 5. 99 os | eee 
TPR 7E SS NEO SRR TRUE eal SCI ay ey Mee Aa See gi | Pade Ae eee 1.20 6. 33 seul . 528 
TIE BOG Fee eee RAN ESS tears TL eerste alte ga ae oes RR aie Be 115945) 6. 04 FO, lisccteresncee 
ORB Me ee eee appa ey ene Nol een see eA ae ees 1. 26 5. 84 a30 . 546 
SYS SR Se ISIN TI'S C9 a ee eI Bee ney ae ea a a RMR 1. 24 5. 68 24 . 506 
BOOS Meee Ue met ee Ree hae een lf Awe eee Aa ae ee 1.30 6.39 42 - 595 
U7 P A PRL RS atts Naa TP Le a Rk ng a ere eee 4.99 1. 26 6. 12 BAZ . 455 
LSD Sea eaR Sohne ei A SN. exe SS See ena ae, 1. 28 1. 23 6. 06 24 . 497 
TL PAS AER S ang al a aie aa a Si ee ena SSS Gage A ee ea sa 1. 40 1.30 6. 38 27 519 
TESS ES ©: ORO ee a RA Sa Mal: Denar ee pei nee 2.34 123 5257. .09 . 566 
ASOD AME Sree eu biprat ae ue Uae bio! en on. rat 1. 66 1. 24 5. 76 34 .515 
TCU = SU ae eS Mee pe Mea Sel Mik Soi eae Par 10. Nia an epee 88 1. 29 6.13 .08 . 546 
TROMG Mes emer eo gma ne Rca iS Ce iy et 96 1.30 6.10 .08 . 561 
TESCO UG Seta 2 RT BS Hae ay oe Be ane aR Oa oe 1.30 1.30 6. 84 41 . 507 
SOO es ee eee ce ence ptommna O TL Malays LR eee Sacer ol Be 1.89 aBPAL 5. 96 08 543 
TISTIQ YS Axe UG ier tee eae ok is irra es a patiaes Sn Ra eas Ree RL Se 2596 1323 5. 83 24 .512 
TIPEALS 5 SS ORR Te SD Sioa Seo a treat anime Speen er (a 3.07 1.32 5. 46 7 . 530 
LISA LUC cucucae gt seyret eee eas tie tar en rae eee ee ee Se 1.22 5. 59 Svs . 460 
eT te eee: oucrcee eke Sea coc Wee RESe ne yh pena Ae, LSE a | bebo sr Ran 125 6. 02 si? - 530 
hed Ae Uhre iis, S OSB RS os 0 4 SOE 6) Ree a a | A Se 1. 24 6. 74 62 - 490 
ie TIE US ee ok Lege > Se ate Sc), ee eS 15923) 6. 49 49 . 528 
Woo UiT/ 6 See Rie 1h esate Aas": Mvahigs leet nanae 2 Senne Ape aie | Se ea 1. 25 5. 96 19 - 483 


! The results of analysis are on the material as received. The samples are of European origin. 
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TABLE 28.—Examination of ‘‘open’’ flowers (Chrysanthemum cinerarixfolium)—Con. 


Determination. 
Sample No. Stems. : Ash in- 
Nitrogen,, ash. | soluble | P20s 
5 in HCl. 

Per cent.\ Per cent.| Per cent.| Per cent.| Per cent. 
SSO Sek ea ook SES AR a Seen a Bn ey. ea ee aeeeg erg” 1.20 5. 65 0.16 0. 469 
TSS 7192 aT ee eae i ne ee ie Hee 1.34 6.19 .15 . 549 
TSSRO se te oe et St in ae ee LE eae ORNS W227 5. 85 13 . 503 
SSS tee ees oe ae ets So ARR Sete eS | aie oe 1.19 5. 73 12 - 472 
ASS SD tal ae Ss RTE oA RS eg es a ee Teel 5. 88 20 .519 
BRA ee 2 ee. Leia kee kee ae 1.19 5. 22 14 .515 
PRD Dea sore PR Sas So oa ee oe ee eee He25 5. 68 09 . 485 
S590 Sooo IR i See ee oo oe Re Soe ees one ne eee ee 1.28 Sada 13 . 531 
TSG00 sss 5a se Re a. 2) a Seen Ss ok ea ee eee 1.29 6. 32 28 . 514 
ASOORE Sees See Le eS S.-C e See ee eee 1.27 5.76 14 . 547 
ESCO Ae oo te Sees 2 oe OO Ee Bae Me cre eee ee 1.23 5. 64 09 . 472 
a Re Aa a Ss es eh ena OR pa (eee a 1. 23 5. 38 16 . 541 
NOM G 3— 50 oP .,  d ee e e eeeeeeeee 1. 29 6.12 22 .521 
ODAQ eae se Re toc cei Re eS Eee ok Pe ae eS ee ee ee 1. 24 5. 83 21 . 608 
ODA i = oe Sy 8 ot ee as Ste sr ee ee Se ae 1.37 6. 02 22 . 592 
GZS R a 22 2 RRS. oe 5 eee 2 oe ae kt ee ee ena ee 1.33 5. 96 06 . 332 
GODS tence | otra so SeyNER ee oO SiR Sees co = Se Ce een ee eee 1. 27 5. 68 18 S523 
AG ZOO Rh sk Tele os ee i ee Re eeeterl o eee: ibodl 6. 28 21 . 595 
1G 24D) Bela Fae ci cs ce eae eA ae gee cape aera ager Nec eyns 55 Dea 1.32 6. 93 37 . 582 
1G292 Sess oS ce aes ot 3 ee Ae ea oe ee 1.38 6. 53 E31 . 554 
OG 2 (ie ect ene aha. Bee oe re eee meee es eae 1.21 7.53 1.38 .561 
O02 ee eee co Se Le eh oa ree ee See a ee ee 1. 20 6. 08 25 .511 
NOO2G Rn ee pte ou. cee ein OE Cede oe Rep eee woe eins Peo 5.01 .08 . 505 
P41 SFR Ns OL |e SR 3 | ees oo > Gee eS ears eo | ieee te 1.21 5. 74 2 - 493 
QOASG ane es Soe ee oo Siecle sale ee eee Sta eee 2 5. 64 .21 . 592 
DOES a a2 Ass Se ee Se eee EH eee oe 125 5. 93 .09 . 479 
QUES Soin ness. See a ee ee ae eee |e cee 1.31 5.91 .13 - 508 
DALY 1s ae ee Sh Sp tee CS Sr 1 eae SOs ee eee ee ee eS 3 er ee 1.25 6. 40 .37 . 495 
OAV eas ear peces pe eRe ae eae PIRES GEE et ea amiareies | pa Our Imre 1.19 6. 24 .14 . 501 
DOA Re PN a oS ik INE SIR AOR ae ays RO ee Rae oe 1.30 5. 92 .14 . 601 
As ca eons RD Rin ee By ay ee eos ee eer ee 1et8 6. 19 =] 92 . 559 
DOTA E IS ee Sie oS Weather Reet a We ee re ce 1. 24 7. 00 .30 . 539 
PLR eae Ss, EA nee ape 5 Ere igen LE «Api oeonas Ss Seay ea (ees | ee 1.38 6. 80 .37 . 568 
DOG sess Se ee i oe eee ce eels ete 1. 26 6. 45 . 26 . 612 
DASA.) oe etek Be Re OR Gee oe ee eee Soran | tse erie 1.32 5. 95 207) . 667 
POG TR ee oe ee eee Ae pea ee Sk erga Res cD Le ae 1.33 5. 67 .14 . 538 
PACES el Se 8 ers ae ree ne 2 ao eg Sh 6 nS ee Sd oe 125 5.36 .13 . 576 
DPD ON a a ai il ee oe tds Bintan 27 5. 92 (18 Wl RRR oa ie ee 
FoOAR UY WSL RBE A BEE TE EET So OES ION aI SEES IRR OD ee Os RE || ee asd 1.37 7. 87 Beso Nic aparownr 3 
Z2G OG Sea tee ee eT aD eA Soo ne at ate | ee 1s 6. 06 0 Vel Oe eee 
DPA GLY fica rae a cana paramere Ss a RR TS a sit nr men ae es SES ee ae cy 1.36 (EBLE 24S 2 |p ae ee 
LD ie sac Ra eo Rin ais eee Ea ee led cae Sees 1.39 6. 62 Bra (1 ig eee 
OY. SUP AEs Sie Be 2229 CE tee eee: =e 5 eee Spee ae Be ee SRN | pe ees ae 1. 28 6. 66 SY. 3 US age ates ae 
WEATD 01 |b bac be taieteeetereeian oe ages con eY Coe Aes bo Ae Cu ase 88 lieiWs 5. 01 06 . 451 
J Ys Ee Wr ea WaT 1H Tt AR aa teem an re SRE em ed wee Sian es a 4.99 1.39 7. 87 1.38 . 667 
TALVEEAG Cree he fe ee le re RU ence Ree eee ra ae 2. 40 1. 267 6.11 25 . 526 

INo=samplesiexaminedicsc = 2k ene te esse ee 17 76 | 76 76 66 


TABLE 29.—Ezxamination of insect flower stems (cleaned) (Chrysanthemum cinerarte- 


folium).} 
Determination. 
Sample No. “Dirt.” Pe Ash in- 
Moisture. Niteoger, Ash. soluble P2O5. 
s in HCl. 
| Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

1 D5 Pa ae Ie pate Si Edt RI Wyo iE || Seem ph ees 4.77 0. 842 3.98 0.10 0.144 
1S VA 9a AIM Bn ne RU Scie aN ET SE Trace 5. 20 . 695 4.00 wit 151 
TOSD SE Be con Ee Foe a ee enn a ee | 5. 10 . 842 5. 00 Sas . 200 
USS NBME Bie Bante Men ES eae Reet yee Wetec wea ae (ek. ois Seen He2e - 856 4.69 31 247 
DSS Gases At eR Sh ge pars oral See eres 4. 72 {86380 2 ook oh eS eee 
1 Pt SI OE JA tO RR te ia yan ae Sts 2 ete 4.37 5.34 . 820 4.58 38 . 269 
1 A Lp SE ere ite iat A a Sas op hs Re &. 27 4.51 - 800 4. 86 27 . 146 
I £2 7S Ss See Se Sc SER Shot Dae, A Aa es 1. 06 5. 79 S5i5 4.34 15 . 183 
1 8 i i Sh ee MN nies hd ae ee -38 5. 09 . 800 4. 63 59 . 169 
1.1) Ry Deanne teh TS Bhp Bee Ale ie Gag a 4.44 eet . 960 5. 44 38 . 256 
LV: 2» GY Spe eet tg eae es Se ry vo RL ea a ies te 5. 67 6. 39 . 800 4.29 30 . 236 
TASGO 2 ee ae ee ee ee - 96 5. 69 - 805 5.12 34 - 182 
OI Oe e- ai. Se a ee ene 5. yee 1.35 5. 26 . 705 4.78 18 . 203 
TRS ee oa ee ec ice ene eee eae 8. 89 7.20 . 870 5. 19 41 . 128 

Minimum #8 252555 ee od pee 38 4.51 40 3.98 10 . 128 

Maximum ese Soe eee See 8. 89 7. 20 - 960 5. 44 59 . 269 

FAWVOIARG 3.85... aceon Sao ee. hoe Re Eos 3.93 5. 40 - 802 4.68 .30 .193 

No. samples examined . =. .-..--2.-:..<.- 14 14 13 13 13 


1 Allsamples were imported from Europe. 
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TABLE 30.—Examination of insect flower stems (commercial) (Chrysanthemum cinera- 


Sample No. 


riefolium). 


Determination. 


Nitrogen, 
N. Ash. 


Imported from Europe (supposedly of Dalmatian origin) Per cent. | Per cent. 
BL Saccomanonokobeoot cao apbede SABES brs ee UR ee eee 0. 677 4.83 
NG D2 eae ey ne Pe SRT Snare Srers cs at iy cea Tas . 725 4. 06 
GER. Gro ca SES DOHMH BSB BOS SS 63 BEE EEOEOS GH SEES Ee Beene . 674 4.61 
NEV sotoc SAC BSBA ce 4H OSS Gees Ge EE ets Saeco ea ade ee a . 877 4.78 
CPAs oes Se Sue Bne ce Ma ESE DE SESS COS MESS Ae Re a Sette . 940 4. 26 
TESA ba, Sea See aie | SE a eh UN es 0 Ne ee ee .779 4.74 
ISSEO) 5 sauce sbe Be bags BOBS SHE OG Se Ba See eee See . 589 4.19 
PS SOO RE aa te ee ees Pee one tee chee EME RET SEES EI . 568 4.11 
OP ak: «Gee Sas cose AS See nO Od Ben OSes eae a ae eee ee SP? 3. 94 
DUS TRAE ARES eRe eee pe ee meer Ee MO CET e See . 835 5. 01 
DAT OOS SHAS Sate. Saas ee eee Pee UA PAIS TATE Ee .877 6. 70 
OR Ve easel RN Ee Toe tate ner ee a a a el . 547 3. 60 

PUTT pee CSc sade Some Be ee Rare a 547 3. 60 
IMR XA TITERS e See eek epee a ee PET BR Eh ELE . 940 6. 70 
LA OT AG se ence eat lee epee aay Me PR oe on Sal cis . 726 4. 68 
NoSsamiplesiexamine dss: 52222 tonsa: oo aes 2k PAE So. 13 13 

Japanese origin: 

ART Satie See we tees 2 ACH sae Rac aae Cea Ee a ane . 610 3. 40 
PPE Ws G42 Se Se ag th eee oh as ey Me San ee ie 1.05 5. 62 
DIAS 3 So CORES EOE SuSE EGG p Ue eC EE SO Se ERG . 863 6. 22 
DAV (Oc 3 ahs Ses Me oe OS GRE AE Ape Le eee Ue a es en ee . 982 5. 93 
PU. oo ee SES ASE ER SO ee oe SERIO OE: US SES Re ees eee 1.12 5. 97 
ORR ets 6 RRR S08 Se ieee i ore eee Paes 2p ea ee en ee ee 1.10 6. 24 
ee sobs CROSSE Gute Me ASE S AE etn c cick ey teenage a ee nae eee - 982 5. 03 
Ce ee od Due e ae ASE Webel s Aen as 5 tie fag mae te eS A ie ea - 814 5. 58 
SE coo GENE CURBS SHORE OS AOE aE cae EIN rr ee . 954 5. 07 
eS ee A, I A Ja A Cs Oo en eee a aS A ee ae ee . 948 5. 63 
lie de oS oo oe COCR ROI OS Ce Se ao ES ee ie ar aa . 884 4.81 
2008 eee ahr Tae ean ns Me Oe OSES CAE SS a . 828 5. 02 
MATE Me eh a RPL SSSI A LENT. Sea RIL AA) . 610 3. 40 
IVAN ITAATIN eee epee ee ogee Near a AN eID Le 1.120 6. 24 
PAN CTAR OSs ee SER mae Neen eek. TERS AG AL OG abe. = oe oe . 928 5. 38 
INosSamplesiexamin esas 2s 28) ee ees as se 12 12 


Ash in- 
solublein| P2Os. 
| HCl. 
Per cent. | Per cent. 

0. 38 0.191 

ADAL aPA) 

. 29 .185 

.50 .191 

- 09 . 145 

-41 . 166 

col . 137 

. 26 . 150 

21183 . 190 

Sp Y/ . 190 

338) malls 

. 44 .345 

.14 S257 

. 09 oL7 

. 50 . 345 

. 29 . 190 

13 13 

06 1195 

.34 . 383 

site, . 236 

1. 69 . 338 

. 69 . 388 

1. 41 -411 
1.10 -326 
1.50 .324 

.79 .347 

1.45 . 336 

-90 .327 

80 .374 

- 06 .125 

1.69 -411 

.95 -326 

12 12 


TABLE 31.—WNitrogen in stems picked from 


Sample No. 


66 


folium). 


Sample No. 


Nitrogen, 
N. 


Per cent. 
0. 673 


open” flowers (Chrysanthemum cinerarix- 


Nitrogen, 
N. 


Per cent. 
0.620 
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TaBLE 32.—WNitrogen in stems picked from ‘‘closed” flowers (Chrysanthemum cinera- 
rizvfolium). 


Sample No. Irogers Sample No. Nurser, 

Per cent. | Per cent. 

i077 ae Se sy = SONG ER ee aS See alee fee al | Bel yc  mececteheb Se Mingo ah et A 1.52 

UZ USS ee Be AR es, Oe ewe yee eh ei TAOS HET eyo a ae ee ee 1.52 

Stk aed eect te see CRA PRUE Ce oy 152 | PRO ee 1.57 

TS ee ee en 5 She ee meee s ae Ae ea ee ea PDAS S008 asst SS a gre a gs ee 1.63 
i GS ees Spree, Geeee eae Tele Soest ee Re ers Oe 1.54 | 

CBE” SESE os Rev eegee aes et 9 pals a ge Be = ea As d tear iff | WES REL IVETE ye ee ee ee ee 1321 

LS SRS ie oe ok EN eS ne 1.21 || SCENTS ee a eee StH 

LY 7d Rd Sr ey ee a See et ny Se ek 1.54 || AN CEAGC 2 Oe een eee ee 1.53 


It was found that a determination of the nitrogen and of the phos- 
phorus, together with a qualitative ether-extract test (to determine 


its color), were sufficient to determine the presence and approximate 


percentage of stems. 

In but few of the published analyses of insect powder, where ether 
extract is given as one of the determinations, is the kind of ether 
specified. In some methods the powder is simply shaken up with 
ether, filtered, and an aliquot evaporated. Dietze (70) has shown 
that the results do not agree when ether of specific gravity 0.720 
and of 0.735 is used. Ordinary ether contains some alcohol and 
water and extracts from insect-powder material other than the active 
insecticidal constituents. For concordant results, the ether used in 
making the extractions must always be of the same grade. Anhy- 
drous, alcohol-free ether would seem to be the best solvent to use. 

Pyrethrum flowers usually yield an intensely yellow ether extract, 
whereas the stems give one of a strong green color. The odor of the 
extract from the flowers is also characteristic. In the examination of 
commercial insect powder the presence of a material amount of 
powdered stems can always be detected by the green color of the 
ether extract. Its quantitative estimation is, however, of little value 
in determining the amount of stems present, and this determination 
was made in only a few cases, the method employed bemg as follows: 
The 2 grams used in the determination of moisture were transferred 
to an extraction thimble and extracted in a suitable apparatus for 
16 hours with ether that had been freshly distilled over metallic 
sodium. After extraction, the ethereal solution was evaporated to 
dryness on the steam bath and dried to constant weight at the temper- 
ature of boiling water. 

The petroleum-ether extract was determined in a few cases by 
thoroughly extracting 2 grams of the powder in a Soxhlet apparatus 
with commercial petroleum ether (specific gravity, 0.640; boiling 
point, 30° to 65° C.), evaporating the extract on the steam bath, and 
drying for a few minutes in an oven at 100° C. 
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The petroleum-ether extract of flowers does not differ enough from 
that of stems to make this determination of value in arriving at the 
amount of stems present. 

Pentosans were determined in a few of the samples, and it was 
found that the amounts in the different forms of flowers differed but 
little from each other and also but little from that in the stems. 

The determination of crude fiber is of value in indicating whether 
or not the powder has been made from open or closed flowers. Pen- 
tosans and crude fiber were determined according to the methods 
of the Association of Official Agricultural Chemists (Jour. A. O. A. C., 
Vol. II, No. 1, Pt. II, pp. 52-53, 60-61). 


TABLE 33.—Determination of ether extract and petroleum-ether extract. 


Determination. Determination. 
Sample No.1 Petro- Sample No.1 Petro- 
Ether leum- Ether leum- 
extract. ether extract. ether 
extract. extract. 
““Closed”’ flowers: Per cent. | -Per cent. || ‘‘Open’’ flowers—Continued. | Per cent. | Per cent. 
1A NODA) ee ne ee Saale Fl aa se ‘ 1a) Oye) gn kad par ice Re Ra SOO eee eas aes 
IC GAL CoN ieee an eae Sua ee eA Op aire seer is —————— 
WAG 20 aah ee See tae 7.18 5. 03 Minimum) 22ers 5. 09 3. 50 
NAAQS DP py New a asia ties esas ceee OaSouleee eee 2 Massie eeaes nee 6.60 4.70 
AGB Aare cialaseiciSinia oe a eeeetotoe 5. 99 3.05 AVOTAGO see see eee ee 5. 81 4.06 
TAOS Setar aot ee nye sees 7.34 3. 93 No. samples analyzed... 8 8 
TAG) sea eee ee ee a Peel eae 6. 41 3. 80 
Stems: 
Minimums. 2-2 50- eS. 5. 99 3.05 VAG Dir Bee CRU a ass, RO Yenc SoD 1.95 
Maximum ......--... Re: 7.45 5. 03 TAQ 2 Bein ret elon ae ore 3.35 2.08 
AVC ACC eee) ese ey 6. 87 4.11 TAQ RE ess aly has spat 2. 88 1.93 
No. samples analyzed .. 6 5 VAOS 1 ics ain pike es Le tag 2.34 1. 53 
— 1A 72a a 8 es Ores O98): See see 
“Open” flowers: DAG AG) pe hie Se aoe ares nae, LN 3. 43 1.75 
ALORS ee tre a arenes Bae 5. 48 3. 64 LAD Gs Eee TE Kee he [ie aaa 2. 78 
1 OPA) Bie id ee aes ena eae 9. 73 3.98 4503 0) SOE ie ele eee meyers Fara 3. 40 1.78 
HAD Prin: mee eo see ars 6. 28 4, 45 
TERY) 5 ics Ia ease Pe een 4.70 Manimiin a nee eee ee 2.34 1.53 
TORS i aioe tar par rg 6:00) | Hagaee eee Maxaman pose ese 3.98 2.78 
TS Ye) ym ek See sere ee eee eee ge 3. 53 AVETA LC Aes e hime secs 3. 22 1.97 
AGA Rite eer sere oy oy 1 6. 60 5. 05 No. samples analyzed... 7 Uf 
AS GU meer ere crac ca 5.35 3. 50 
LAO G2 Rea. ae ci ek 5. 93 3. 60 
1 All samples were obtained from Europe. 
TABLE 34.—Determination of pentosans. 
Sample No.1 Bene: Sample No.1 Fee: 
““Closed’’ flowers: Percent. || “Open” flowers—Continued. Per cent. 
LAY es Re Sh ee ae eee eee Se epee : 17.75 DSR eee Oe eer ee eo eee cts eee 19. 98 
1 PADS eserets SE Re os ee aaa ee apna 16. 06 
DAY(S ee ao ae RH Gees See pe ee 16.18 Minimum ity este ete 19.98 
JB Ss ese rps na eh ares att cet care tele a alt 16. 53 Ai bit obra oT 10 eters Ren aa ae on aay 21.72 
[A BTiS See See he Sat MEN ene Sat 16. 80 Average (5 Samples)..--.-.----.--- 21.11 
Wiihavioribbeey ele SO eehieee a eee Boe 16. 06 |} Stems: 
Wisp Ce (SWORN Des baa 2 Sarees eee ear oes 17.75 A822 peistese cae eee se eieS ee epee 18. 40 
Average (5'samples).-..----------- 16. 66 132s e Pee Oe Boos 6 Oe roe oe 18. 78 
= IDA Pe Najee lapse tan aris es Bp A eran Se A 17. 54 
““Open”’ flowers: (VERS Ne Senee Ean an Pee ee we eee 18. 40 
VAY U scise ote Seta Se: 3 le Eee apa ami 21, 42 D233 GR ia=s ie ors) oan sins aire saree 17.95 
PRA} SSB eR Ste Ae be ae eS a On 21.07 
VI PAYA be bar clare! Soa ee ee ae Ree, batten Ee PART PZ MIT eae ae oe noe Sere 17. 54 
IPO eae ein a my Al epee ena Le A spa 21. 34 Maximumpys.: 255. ie eke 18.78 
Average (5 samples)..-....------.-- 18. 21 


1 Allsamples were obtained from Europe. 
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TABLE 35.—Determination of crude fiber. 


Crude Crude 
Sample No.1 fiber. Sample No.! fiber. 
“Closed”? fiowers: Percent. || “Open’’ flowers—Continued. Per cent. 
1a, ae Re as esos AS A a Ae 22. 89 BOAB8 ee see The ety gra ee ep 32. 54 
NAD Ba ee SR OE es ON ee ene 18. 65 20439 SPS. SEER Sass, eee oe 31.17 
WAG2O sae ieee Arley ay ee eer leo tey e ege 20. 63 DOAA Qe. eee caratle Oe Aero aeliny aye aati ee ee 30.11 
I LURD pede SOU eM cia Beas wens eee S8 at oes 19. 80 QDAAD ES obs ERS eh ge eek PaaS ER 32.13 
AOS 4 Na estas oak cers ete eee aes 20. 62 DOSES ok art ee aay ak pe a 31.99 
WA038 | eee iss eae h eM e EN Se. Oe 20. 03 DAAC TRG s ra Ss ck ae ee ee ee 28. 82 
BZ SSO nea trian cies she ee eee 20. 94 PA Doe Seni c SSG a SoBe DOHA DERG aaomeae 29. 96 
UWB ey UCR Bees CO Seer ee ei ta 4s ane SA ae ae Wy ee 22. 73 JIOISE Ae eas ae ee 35. 85 
ESO ee ees ere ee eevee Mie eke Bee ari 21. 96 
AVGQUE Rak eat ou reser oS 20. 39 Minimum. f 20. 2100Rt Sees 27.20 
SFT De erect eae essen rain eich aey ae 21. 61 (MaxaM UiMls ine es ene eee ee ae 35. 85 
IZA Eat Vee et a ae Se ere ne a te SE 19. 45 Average (28samples).............- 31. 02 
MP7 iO e toa pe See aan Anse oe eee n 23. 83 
DE OS iS imps sok hy wees. ie eens Sm oes 21.97 || Dalmatian stems: 
ZUTSG Se Sak Saeenteee a ths Pee RE 21. 47 W495 Cah FSS Ao ee ANA SE Se nnede 34. 55 
VAS OS RarS ee Ul rari, aN Sis Laan Ne Len 24.70 1 a a ee Se a eS 36. 45 
DU TAO EE ate aMierenc ue es ores, 3 21571 14931 e Ss. Se atebaerae eee ee 33. 54 
DU SAO Bie oe oe ae Nee eae Se ye 24. 03 V4OS TER Ores ea bea woe ees 39. 05 
SBIGSG By RE es ah eT ON so ere et 23. 91 14946 ook Pe Sesser eens eee 35943 
LEIS eee se Une achyeie 22. 47 IY 61 ieee SOBs estas SESS S 55 cc 38. 82 
DO OA AS re Ree a Ee a A = eee aa 21. 46 1 EPA 0.2 Hee ee SER Tent ees as 38. 92 
DST 2 BR eet es a eae 24.10 GLAS i eee's Wal Bo te ns ees ae 38. 27 
DAN GIS etree. St sjcet 2 ea ll oie 23. 54 BQO bo S arrey ey nto ic ae oe toe ere 39.71 
DAS ee Spore ee as Si Nee 22. 86 I fe si ibe Guay RU ae eh Mas Me es 38. 23 
7 TC ES tal eet ate oleate ene cree cS 23. 77 ISSSOs psc, fe hen oe a RY ieee 38. 61 
DANO See SR Bee ore a a aeees ie 23. 78 18550 secesd Secs ee tee ee se ee SS 39.13 
DIATE Une See Been sa cagoo Neen GEE eS 23.03 QOUSTEs 28 ouoai cee eee see eee ee 38. 10 
DAT OO Reser Siete meee Neer ee ee ere 33. 60 
Minimunso5 226.8 eer eee ees 18. 65 PADI F se SEaSas Sane Bae NO ee 42.98 
Wibbobinblnilepes a ei hee eS eee 24. 70 
Average (27 samples) .:..........- 22. 09 Minimums tices ee eee ere 33. 54 
= Maximum? yee eee eet se ee eres 42. 98 
“Open” flowers: Average (15samples).........-.-.- 37. 69 
WDB 2 OS sacl nak. sate Fs Oe ps Spee 35. 12 
1 Daye SHSM aC BONO Be Ta ae anor 30.13 || Japanese stems: 
1 7 Ie a EE ese tanh pean eae ipa a 31. 55 QUSOON econ so area eine eee nieces 39. 07 
LB 2O RBar aot Ree E ee cas See eeu Seems 29. 79 22576. SS ee ere 46.19 
JISC See wars rake eres 27. 20 DOOR GE Ber Diy sys cinie ath bate Sper em 32. 39 
14936 2 Seco She easter eke eed 33. 11 YAY Bao ae OER e Ae a esocumocG 46.12 
AOA oe eee tee eee ate ke 27.75 7. O15) seta EGU Fe ag a ake La Ea ie 44. 46 
V4OGT PA e so < Tena ee kee et cea ae 29. 48 24309 o Seen eee eee eee 42.99 
W496 2 Ee esc ee Eee en tee nee 30. 28 PAL EEA Sa PMR Ee Be PY are ERR SE Nea 8 i 46. 24 
AO ee Sa ee eee ee ee ae 31.18 72 SS EE Beats Ser EO GES aS 47.45 
W5OOR aera Cate oe ee eee ease 30. 03 7a a Bae el ME Pyne teas Seis Ia Se Srsr: 48. 05 
TAL RS aeiciesc eee eas See Mier eesti te 29.17 FASO ee Baio. ean aes ee eee 47.31 
UPTO Shr Sa ah Bains 29 Ripa ae 34. 70 DS a eas Me eae me cise 48.79 
LO Aw See Se CA Sie Lee oo Reeateyes 29. 48 QO08 TRS Se eo as TES RN ae eee 43. 49 
A920 See est howe ssa ies fseae eee 32. 80 
SSA Tessas 5 Sc cat eae Bere 30. 13 Minimum: 29 See eae soe ee 32.39 
G20 IBRRLE ROE Sse Sime Me hee eae meee 30. 27 Maximum..... Zetec vscces Nose 48.79 
DOTA MRS nes ne 8 OS ene ele tay 32. 23 Average: (12 samples) is22s--2ee ess 44. 38 
DUAR Bm ean eos la SU eee nee 33. 87 = 
Ys SY fees ea inca i, ie Dk aA ee IM 27. 63 Averace Ofallec) 22 fa vem sare pom 40. 66 


1 Unless otherwise indicated, all samples were obtained from Europe. 
 Oneacdete separ 
The ash content is highest in closed flowers, next highest in open 
flowers, and lowest in the stems. A higher percentage of the ash of 
stems is insoluble in hydrochloric acid than in the case of the flowers, 
although calculated back to the original material the difference is 
slight. It is only when the ash and the ash insoluble in acid are 
markedly above the normal for flowers that much importance is 
attached to these determinations. 
A striking thing in the figures for nitrogen and for phosphoric acid 
is that they run fairly constant for the same material (Chrysanthemum 
cinerarizfolium), no matter what its source. This uniformity in the 
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amount of certain ingredients present in Pyrethrum flowers and stems 
aids the analyst to determine from the analysis of an unknown com- 
mercial insect powder whether or not it is adulterated with powdered 
Pyrethrum stems. 

By the color of the ether extract and by a determination of the 
nitrogen, phosphoric acid, and crude fiber, together with a micro- 
scopical examination, the presence of powdered stems in insect pow- 
der can be shown qualitatively and an approximate determination 
of the amount of stems can be made. 

Table 36 summarizes all the results for nitrogen, phosphorus pen- 
toxid, crude fiber, ash, ash insoluble in hydrochloric acid, pentosans, 
ether extract, moisture, and extraneous material, for stems and the 
three commercial grades of flowers, of both Dalmatian and Japanese 
origin. 


TABLE 36.—~Summary of examination of insect flowers and stems. 


Z a a mae | (se te 
- ® BO 2) o go . 
iS fc) qd fo) 
= zs cass 3 Sealsere ae F 
Product. oo ; © Ag S no (sos 5 2) mas 
° Po) Lo) 9 s += us aos 2 g | 
P| ) B | a4 ide!) §.|\SB bes) Ss | es | 4a 
7, Ay oO < aa Ay ca) Ay =| mn S 


Per Per Per | Per | Per | Per | Per | Per | Per | Per | Per 
cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent 


Topanese em CMOsid ya nrast sl ovo (| 6. 758"| 24 70 |S. 58. | host tine deel os lone kee a) oman 


DWE ISIOSE GES OnE en ACUI IIS Mae WO SO ale 25 cE 1 pe Zh 18s Ic 2D al yest ule Me lo yes la gute Ua ali pe 
No.samples examined. . |48 15 15 48 ASW SIE Cee EA ae eee See POW 1 eee eal Bryce 


Min..| 1. : -06 | 5.99 | 3.05 
Dalmatian “‘closed’’ Jygax' || 909 | .815 | 22.891 8.28| (91 | 17.75 | 7.45 | 5.03 
6.87 | 4.11 

Be lhe 


4 
de 
flowers.......--+----- Ave..| 1.759 | 700 | 20.81 | 7.22] ‘93 | 16.66 5.37 | 2.72| 130 
No. samples examined. .|55 19 12 55 55 5 13 19 7 
Allgecclosed7zunowersy (Manes | 1553) 10.591 218265) (565035 |(hOn05:| sec aoe aseelse| Seca o cee: |lGeeeae eee 
(Japanese and Dal- 4Max..| 2.09 SOLD) (E24 104) S200 I ZsOSh eter ce alate eee eve ovarscalialelraee alee eevee 
WAatian) sees eee AVG sell TS4e |b CAG OT al 22 509R Ciel AGU a crccaiecats | eiesaraieys | ovement cree sree ie | en ee 
No. samples examined. -/103 34 27 LOS OS Ppa ee ereetellletc cate Ciate eselellesoee ec ects mesma nae 
Maines 4 On Ono 28a | Meee ae apy ee SN 0 Yd Filet es YL SN LS 4.90 | 0.62; 0.14 
‘“‘Half-closed” flowers. .{Max..| 1.75 OOO ie Neer hes cee Ce Se Ns etal A Ca lea 6.44 | 5.05 .39 
Ave..| 1.566 F002) |Fesee 7.07 3 Eel Lae eae [os ela Jeane oa 5.68 | 2.51 81 
No. samples examined. -|18 Ate col eee 17 17 4 8 4 
Min..| 1.17 | 0.451 | 27.20 | 4.88 | 0.06 | 19.98 | 5.09 | 3.50 |} 4.81 | 0.88] 0.10 
“‘Open’’ flowers....... Max..| 1.40 .667 | 35.85 | 7.87 | 1.38 | 21.72 | 6.60 | 4.70 | 9.21 | 4.99 - 90 
Ave..| 1.267 . 532 | 31.02 | 6.09 .26 | 21.11 | 5.81 | 4.06 | 6.69 } 2.33 47 
No. samples examined. .|104 94 28 104 104 5 8 ; 8 17 45 9 
Mines ROVGLON POM 25 RS 2aS9n ord Onin ONOGy eee cs eee | er em en | ae ee ener 
Japanesestems........ Max..| 1.12 SAU PASE Ou Ge 24e lt CON ee) eee De 2 ae ee Se a ea Pate Ro ke 
Ave..| .928 .326 | 44.38 | 5.38 BUN BBO aid ORE an eae Seis Slide sar llc oe 
No. samples examined. .|12 12 12 12 12 
Min. .| 0.547 | 0.117 | 33.54 | 3.60 | 0.09 | 17.54 | 2.34 | 1.53 | 4.51 |.....- 0. 38 
Dalmatian stems. ..-.. Max..| .960] .345 | 42.98| 6.70] .59]| 18.78 | 3.98 | 2.78 | 7.20 |....-. 8.89 
Ave..| .733| .192| 37.69 | 4.68 | .29] 18.21 | 3.22 | 1.97 | 5.40 )._.__. 3.93 
No. samples examined. .| 6 26 15 26 26 5 7 7 14 
in. .| 0. Bi 2.39 .40 | 0.06 
eases epaceseaud Mae aa | ate a8 99. 6270 (1. €9 
almatian).......... Ave..| .765| .234 | 40.66 | 4.90| .50 


No. samples examined. . |18 38 27 38 38 


In estimating the amount of stems in an unknown sample, its 
nitrogen and phosphorus pentoxid contents are compared with the 
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average values for these determinations in samples of flowers and 
stems.' 
The formula for making the calculations is as follows: 
apn 100 (a-c) 
a—b 


in which X = percentage of stems in sample. 
a= average percentage of nitrogen or P,O, in flowers. 


b=average percentage of nitrogen or P,O, content of stems. 
c=nitrogen or P,O, content of sample. 
The value of a differs as to whether the mixture is made up with 
‘‘open” flowers and stems or with “‘closed’’ flowers and stems. 
In the case of “‘open’’ flowers and stems: 
(1) Based on nitrogen values— 
a— 1-267 
b=0.765 


- 100 (1.2670) 


| (2) Based on P,O,— 


a=0.532 
6b =0.234 
100 (0.532-c) _ _ 100 (0.532-c) 
A ="0539-0.934 — 386 (0.5382-¢) =~ 3 


In mixtures of closed flowers and stems: 


(1) Based on nitrogen values— 
a=1.784 
b— (0.765 

100 (1.784—c) 

ae 1.784—0.765 


(2) Based on P,O,— 


=98 (1.784-c) 


a=0.691 
b=0.234 
100 (0.691-c) _ 


In connection with other observations, the crude fiber determina- 
tion is of value in indicating whether open or closed flowers have been 
used in the mixture. In most cases these mixtures are made up from 
“open” flowers, which are cheaper than ‘‘closed,”’ and stems, though 
sometimes ‘‘closed”’ flowers are employed. The question then arises, 
how can the analyst tell whether ‘‘open” or “‘closed’’ flowers have 
been used and which values to apply in the formula. | 


1 Tn obtaining these averages the results of analyses of all cleaned and uncleaned flowers and stems, and 
also of commercial samples of flowers (with a small part of the stem left attached when harvested), were 
included. Theoretically the averages should have been based either on cleaned flowers, without attached 
stems, and on cleaned stems, or on commercial flowers as marketed (with the dirt and short stems still pres- 
ent), and on commercial stems containing the normal percentage of foreign matter. However, the amount 
of stems and foreign matter in commercial flowers and the amount of foreign matter in stems are so small 


tuat the error introduced in this way is negligible. 


DANAE BS cabs anne darrian 
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This may be determined in the following ways: 

1. Examination by a microscopist will show whether “open’’ 
or “closed” flowers have been used. The presence of a large amount 
of pollen and the absence of fruit tissues indicate “closed” flowers; 
and, conversely, the absence of much pollen and the presence of a 
large amount of fruit tissues indicate “open” flowers. These tissues 
are very characteristic and can not be mistaken (Pl. IV). 

2. Mixtures of flowers and stems are made up on the basis of 
lowest cost. By following the market prices on ‘“‘closed”’ and “‘open”’ 
flowers and stems, the analyst can usually tell which has been used 
in preparing a mixture of flowers and stems. 

3. From the intensity of the green color of the ether extract, 
after a little experience, the amount of stems present can be told 
roughly. 

4. The crude fiber determination, taken in connection with the 
intensity of the green color of the ether extract, general appearance 
of the powder, and odor, serves as a good indicator as to whether 
or not the mixture is composed of ‘‘open’”’ flowers and stems or 
‘““closed”’ flowers and stems. 

By a combination of all of these tests, but more particularly by | 
microscopical examination, it is possible to tell whether “closed” or 
‘“‘open”’ flowers have been used in a mixture, and, by the use of the 
formula, to determine the approximate percentage amount of flowers 
and stems present. 

In Table 37 are given the nitrogen and phosphorus pentoxid con- 
tents of 10 known mixtures of open flowers with stems, and the 
amount of stems calculated from each of these values, using the 
formulas just given. 


TABLE 37.— Nitrogen and phosphorus pentoxid content of known mixtures of open flowers 
and stems and amount of stems present. 


Stems calculated 
from— 


Sample No. Stems. peace P,0s. |—————_|_ Mean. Error. 


SSS > ——E EE ES SSS SS 


Percent. | Per cent.| Percent. | Per cent.| Per cent. | Pcr cent.) Per cent. 
0 


dL SPS BENS eet Be ea ae eB ee 1. 280 0. 530 3 1 2 + 2 
Sha aes Meets Metaak. Lite ieee Sa 0 18235 0523 6 3 5 + 5 
ne cpap ee ed OR eed Le 0 1. 250 -510 3 7 5 +5 
7 SOS Ey 24 aie Be SS ee ee 10 1.185 459 16 24 20 +10 
Lea tte TS ee Nise See eee 10 1.170 482 19 17 18 +8 
(BRS SES Bk Se eee 20 1.140 411 25 40 33 +13 
Cae Baap Sas 455 oe een eee 20 1.170 447 19 28 24 + 4 
Seiten ee ee ap Ae OT aac 60 1.035 5275 46 86 66 + 6 
GO SR Pa RR ee Ne a oC 60 919 . 300 70 77 74 +14 
OSS BSS ue SES 210, Seay eee Gee 80 947 206 64 100 §2 + 2 
INERT UNINC TRONM Ss et een ae on | hie See IS Ate ee hk et eee eee 2 
IMAXATINITENETLOT a ae als setae || eee. i I SR PN = EE fers aad 14 
PV CT ADC CITON come came Ge) eleee pene eee Lie la ee 2 Eee OD | es (a ey Gh 6.9 
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Tables 38 and 39 give the results of the analysis of commercial 
insect powders. Those reported in Table 38 are on the samples 
unadulterated with stems, foreign plant material, or coloring matter, 
while those in Table 39 are on samples adulterated with ground 
Pyrethrum stems, sand, chromates, or other materials. 


TABLE 38.—Analysis of commercial insect powders unadulterated with Pyrethrum stems , 
foreign plant material, or coloring matter. 


Sam- c Ash in- |} Sam- : Ash in- 
ple Madein— | N't™0" | ash. | soluble || ple Made in— Nitro | Ash. | soluble 
No. gen: in HCl. || No. oess in HCl. 

Per ct. | Per ct. | Per ct. Per ct. | Per ct. | Per ct. 

11157 | United States... 1.64 8.92 0.84 20225 | United States.... 1.08 7.76 2. 42 

W292) soe Oss See 1.29 6.73 .22 20226 |....- Got See ors 6.03 -33 

120330 |e (6 opera a a a 1.55 8.07 .98 202508 eee dole eae Teds 6.15 27 

12034) 52-27 Oe ee 1.56 9.01 1.33 203 (33)e-22 023335 es 1.26 7.48 Taig 

122123 Bneland esse 5s 152 7.67 .43 QOA5G 3 Sd Osteo ee eene 1.30 5.47 69 

12217 | United States. -. 1.56 7.67 95 204625) 5-525 (4 (a eS 5s ee 1.20 6.79 80 

12273" |ocee CO eee ser 1.65 9593) eae 2047125 Ee Oe. eee 1.26 7.11 62 

12613 | England.......... 1.63 7.54 17 20658 |..... Ose 1.18 6. 80 70 

12654 | United States. - 1.26 7.22 66 PAC Lilleasoe GOs seers 121 6. 98 70 

1265 dees do Bee GaC 1eS5 8.57 Qa92T 221043 | 22222 d0fs 5 1:60:] .4:29 sok 

P2660 2222 Oe fe ee L525 6.49 24 PANT io oe dose. 1.22 6.73 . 56 

1292031 S8S- GOP eet sce 1.54 7.09 33 PA BYADIRLE NI Ee Secccesesce 1.78 7.09 . 65 

1320231222 dot een iD 7.08 75 21941 | United States. -.. 173 8. 06 1.02 

1360S ee GO Sean se 1.40 7.70 99 21969 |..... Gee See Bee 1.31 6. 54 . 28 

13649) 12 (OPO Neer ee 1.53 7225 89 22180) Japanese oe eee 1. 66 7.49 17k 

1369s VAUStH asso sees oe 1.26 6. 29 33 22637 | United States. -.. 1. 28 6. 69 .53 

137682] United States..... 1.60 Geol 1.47 2204 Rae dose: sea 1.45 8.08 .97 

13860 }....- OO A eee Seem 1.61 7.58 .95 2210 eae doses 16783 8.10 1.19 

18717 bo) eee dO Sse ee 1.54 qld .74 22756 | ‘‘Imported’’...... 1.33 10. 00 2.471 

13923 (OK RSOEE ae Snes 1.57 6.93 . 68 22764 | United States. ..- 1.69 7.35 . 84 

13985 }..... doe 1. 23 6. 05 BOL! 228084 aoe doe. eee 1.47 10. 69 1.49 

14197) 22 Gosce eee 1.14 6.11 39 22894 | oo G0ie ee eee 1.41 8.71 1.24 

148703 Goa teen f235 6.90 64 22895 |..... dole ees 1. 66 9.07 at 

14381) |< 23... 6 (0 Seip Se Th 1.72 7.03 Pe ie22968 jaeeee do:2 eS 1.30 6. 81 ata 

14445 |..... (OLN eee ae 1.26 5.77 26 22972) sae 0 Ki ener A 1. 67 8.90 .59 

14523 cle Cotes are eae 1.24 8.14 97 250 4Us cee Oe 188? 8. 04 1.24 

14730}. 2s=- G etotie Bans eater 1. 66 7.57 75 23246) eee do. ee a 1.65 8. 47 . 34 

149922) eed ea acne 1.62 7.12 1.00 23330) |= C0 0 ee ieee ate 1.28 7.09 . 67 

P5153 tH PAVISthla. 2o- ce ee 1.76 7.83 36 PASTS ene Gos ee See 1. 64 7.03 .78 

IG REMI Ny ieee Sau ssceue 1.49 7.00 31 234035 | 5e Os = 8s fee 1.42 7.36 - 76 

15272 | United States... 1.41 8.48 1.69 23491- | 2 doe Se 1. 83 7.26 . 64 

15366) | ==. doh sees 121 7.09 96 BAT | aed OKO ee RE 2.01 7.05 -70 

157300) Atistriag.cs) oe oe: 1.29 6. 23 .39 PAY Iaceoe do See 1.85 7.10 cad 

15850 | United States... 1.54 7.02 =a 23648 |...-: ds 22 2 Seas 1.74 6. 89 1.02 

16018 apane eases oa 1. 66 7.19 . 67 DATE) ene e dos Sa eee 1.65 6. 53 . 58 

16019 |..... GOs 22S eek 1.72 6. 91 .49 PAL PA EN eae Ae do A Sears 1.48 8.19 wi 

16499 | England.......... 1.54 8. 34 25001 23918 Japans sess. =. eee 1.48 9. 67 4.32‘ 

16546 | United States. - - 1.48 8.Q9 1.01 23990 |...-. Ofer 1. 86 7.47 .91 

1GGRE ee Goss 1.30 1280 1. 64 23949 | United States... Us7ee 6. 85 . 90 

16796) i Sapanlasesseoseee ie fAl 6. 69 -44 23969) = O2cdt theses 1.70 7.06 .70 

7459 see Ose See 1. 66 6.39 - 46 ZAR See GO eee 1.89 6. 56 .45 

17619 | United States. -. 1.82 8. 64 nile 24083 |...-- C6 (a ee ean ee 1. 84 7 19 nae, 

1762442 5.. GOs Ae eee 1. 64 7.74 93 PANO Sic Gok 2 ae 1.88 7.61 TLE 9A 

17671 | Germany ........ 1.64 7.43 09 || 24123 |..... dot eee 1.76 7.40 1.00 

17iGi2seaoe- d02 23 eee 153 7.49 -09 PL OMY awe Co (ree Sere 1.77 7.47 .94 

18022 | England.......... 1.82 8. 23 1.26 2412 bal aoeee (6 (ae 2 ees Se 1.74 7.47 .92 

18149 | United States....- 1A} 7.00 12 2a 26) eee Ges Sees 1.81 (eas? 1.03 

153 (5) Wt eee dos. eee 1.80 8.72 29 PEARL ie SoRe Os. eee eee 1.65 6. 84 . 82 

18156) fe 2 dos aaa 1. 46 8. 20 83 24189 | Japan ...--. =<. 1.80 6.90 .50 

18159 }_.... dois ees 1.95 8.36 36 24276 | United States. -..- 1.81 (ath 1.07 

18383. }....- dos. Soe 1.27 7.78 1.09 PY GALEN ee doy ase tese Teva 7.48 1.04 

18622: )esee- doi ste ste fe 1.48 6.91 56 OY. OF kell e ae dota. ee 1 8. 23 1.45 

S719 | 32 (6 (i Pee a oe ee 152 7.04 31 24219 | eee GO wae are LY ie Teta 1.09 

AOIS7 a apenas oe ee eZ 7.38 91 24280 |..... G02 22 ee 1-68 )> @50 .99 

19273 | England.......... 1.61 7.83 95 2428 In ite doses a8 TY e} Chest 7 1.31 

19283 | Australia......... 1. 28 6. 54 18 24282) asec Goo et ees 1.79 8.58 1.82 

19320 | United States... 1. 24 6. 74 ZAZSS eee GOs. a eee 1.70 7.42 1.06 

19643 |....- 0 0 eae ay ae 1.20 ato 2.421 || 24284 |..... G6 Sian eae 1.79 Ueavs - 86 

19660 |....- (6 (ons eyes. a's ae 1.34 6. 70 BI la Se 02 eae eee 1.76 6.97 - 64 

FOGGTE TASS Ge a ee 1.56 7.46 43 24286) |2 2 doe eee 1.87 8.15 1.33 

19671 |..... dott haat 1.56 7.42 81 DAPI asec dows 22s 1.80 8.19 - 64 

198257 |ecas. GOS ess Ted 7.25 1.59 243018 | Seer doves ee 1.80 7.23 . 68 

MORSS Eee oe 6 Vane ee oe ee 1.28 6.99 78 24303525226 G02 see Ae 1.74 8.76 1.90 

20097 |..... GOs.5 eee 1.44 7.67 1. 22 2430 daecee 6 (ee ee Ee 1.35 7.98 - 61 

202243 dose Heerio4: 6.49 51 DASTAS eee Gores eee 1.67 7.69 FOL 

1Contains sand. 2, cinerarizfolium grown in California. 


Ns 
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TABLE 38.—Analysis of commercial insect powders unadulterated with Pyrethrum stems, 
foreign plant material, or coloring matter—Continued. 


Sam- : Ash in- ||} Sam- : Ash in- 
ple Made in— Nitro | Ash. | soluble ple Madein— | NTO) Ash. | soluble 
No. gen, N. in HCl. 0. See a in HCl 

United States....| Perct.| Perct.| Per ct. Per ct. | Per ct. | Per ct. 

24315) aeeee donee 1.68 7.71 0.53 || 24351 | United States....| 1.62 7.46 0.70 

JASTGIeeaee GO nas sso 1.70 7.70 -51 24352 |....- GOS. 2. es 1.63 7.41 .87 

WBN Naaqoe Con eee 1.59 7.58 ~62 || 24353 |..... ONO aN emt ate 1.65 8.01 1.04 

DASUShl seman dO kot 1.55 7.57 . 64 243064 |..... GOesaa cen 1.56 1253 91 

ZAST ON eae Goss eceseses 1.59 7.42 - 62 24355 |..... doe: fm: 1.70 Ue fl -43 

24390) eee WOsss. esses 1.65 7.66 04 24356 |..... Comes ater 1.65 7.84 .73 

PF: BYAL Nee eoe GD ey aa IE 1.54 7.46 . 64 24426 |....- Goxsr eka 1.51 7.46 1.49 

DAS0F aoe 5) dO passe et 1.63 792 Pe 2443 7elo (a Ka Ae ae 13 6. 87 . 69 

24323 |....- dos tee ees 1.59 7.88 1.52 || 24643 |....- dost. tie: 1.76 7.44 1.04 

DAS24 ee ae OKs Sais Bek 1.49 7.38 98 24644 |....-. Goats.) ee 1.76 7.57 1.15 

BDH) || 5k @aBoeecobsoc 1.51 8. 06 1.67 || 24645 |..... Ose 2k ee 1.79 7.81 1.29 

DABYIs) laeaae G0: sae 1.43 8.04 1.55 24646 |..... Go Ree ENTE 1.77 7.43 1.05 

OY. ST al abe domeese Rost 1.43 7.81 1.46 || 24647 |....- COU ee aes 1a 7. 64 1.27 

DAS 2S eater GO se oes coe 1.45 7.83 1.60 24648 |..... dor hus. derek 1.73 7.56 1.14 

DAS2 OR eee GO eens 1.51 7.65 1.53 24649 | ....- Gos. Peas 1.77 7.55 1.13 

BEY | aaa de (6 KO a ee conse. 1.45 8. 02 1.78 24650 |..... GOs 1.77 7.42 Neild) 

PBST ne eee dose hs 149 | 7593 1.87 |), 246517)... dora hrs 1.80 7.93 1.46 

QASSA a se eee do. Se 1.59 9. 26 3.61! |) 24652 |....- 6 (oar Se Pen 1.80 7.59 1.10 

VLBBB) | aoc doe gat oer: 1.52 Coale/ 1.05 || 24653 |...-. dont tate 1.52 6.59 .81 

DA3340 eee OIG ARS clan eee 1.65 7.62 1.37 24708 | Europe........... 1,34 Letts aD 

PBB ooo ne Gosiee et 1. 62 7.89 1.41 || 247362) United States....| 1.59 ME30 1.08 

24336) |22--- Glo)..eS Sec oBOr 1. 43 7.57 1.77 || 24779 | Europe........... 1.20 7.07 1.27 

PBS lleoase doreerree sa 1.48 7. 68 1.74 24798 | United States.-..| 1.56 7.80 1.22 

DABS Si pene COs es 1.45 6. 67 91 PARI | ABV ORNS SS oGossenoo 1.59 8. 63 2. 991 

24339 ||52. << doweser 1.54 7. 84 1.29 ZASIO2| ee Wad Onset eee 1. 66 6. 86 . 66 

24340 |....- GlO sees aceeaee 1.48 7. 87 1.90 25062 | United States. ... 1. 68 7.54 1.18 

ZAS4Us | eeeee dope see Nas.e 1.39 7.34 Wo. ||, 2o069n|Eceee dos aes neh et see 1.26 6.75 . 20 

DASA DE eee GOsateseasetee 1.41 7.91 2.15 250705 | sea5 (6 0 peer eae 1. 68 8.01 - 29 

24343 |...-- C6 Ko ee ae 1.51 7.78 M03 || s2OU882)6 222 On. season 1.32 5.53 44 

24344 |....- Glo) Ae elaaa 1.45 7. 62 1.96 33035 2 (0 (omar aes 2 1.56 6.46 . 68 

24345 |....- AO hashsck 1.79 7. 89 . 58 

24346 |..... dorset sess" 1.73 7.59 46 Minimum......... 1.08 5.47 09 

DABAT Eaes- doniieareieess 1.63 7.03 -40 Maximum... ...... 2.01 | 10.09 4.32 

24348 |....- Gousoeee et eee 1.67 7.24 35 IAVICTAL Olsceiec et 1.558] 7.52 . 96 

24349) |. ==. Glo)s ee eapeenor 1.71 7.32 .03 No. samplesexam-| 195 196 195 

PL BEY leeooe GOs soe ace ee 1.62 7.41 .99 ined. 

1 Contains sand. 2 C. cinerarizfolium grown in California. 
TABLE 39.—Analysis of adulterated commercial insect powders. 

Sane : Ashin- 
ple Made in— ae Ash. |SUbIle} Color of ether extract. Adulterants. 
No! gen, N. in 

HCl. 
Penet. \.Perets)| Per et. 

11301] United States.-| 0.895 | 10.26 3.32 | Strong green......--.- Stems and sand. 

PUSI9| 22 sae doves =: 1.155 7. 72 6244 lowes GOs are ee te Stems. 

PSST eee dosses.s2=: . 884 6. 28 a!) liaceoe GOs essere eres Do. 

1203 te eee MOniseceese2 . 891 6. 76 Ub iB il feaeae GOws fesse Stems and sand. 

WPADBy eorce dozeeeeeeee 1. 080 CRANE Te SSilieere (6 (oy ue Eee ee ae Do. 

P2303 ieee = (6 oye Seer eee 1 060 9. 86 3.56 | Dirty pale yellow...-- Do. 

12466 |----- Oe xee ee 1.122} 12.70 5. 50 TOCW 2 -\sirsee ey te Do. 

W265 3s Goss ees eee 1.135 7.77 1.90 Bed Osiae se seas Do. 

13238) 5 22-9 GOzees 2225: 1.120 7. 06 DiUh |eisvalcte Coase Nese. Stems. 

13286 | - - --- done soe ae . 910 5. 43 BO seae GO nee ae essere er Do. 

13287 |.-...- dovseest 1. 090 7. 81 Gress GO ve ee 235G ease Do. 

ASS | Sear (6 Ko) Sian eit 1.120 6. 24 DG GLeenish sa. e6 sss ee Do. 

VS8235 | eLballya ise es ee 1.370 Sudan: - Sees Phghtly greenish ycl- | Lead chromate (2.82 per cent). 

Ow. 

13824)| Austrians... _ . 990 TOSh dees Strong green...---...- Stems and 2.27 per cent lead 

chromate. 

13857 | United States.-} 1.180 7. 60 .86 | Greenish yellow. -..---- Stems and unidentified bark. 

13925) ee oo Olas Sisco pea 1. 140 9.78 PN) sesee CG) Mane Ate Stems and sand. 

14039 |----- ovr: FEL . 950 6. 37 .69 | Strong green.....----- Stems. 

i BXO5S | pees (Cho ee oe aaa 1.145 9. 60 POOKY || Oe GO eee eee ee Stems and sand. 

14362) |: oases tec . 947 6.77 SAN Peee oe GOige: 2c Bs. Stems. 

14550'|----- (OOS Bes ee . 919 6.31 JOC secs GON aes eee ee Do. 

14854 |-.... do. Feaese3s 1.120 6.12 .55 | Greenish yellow. -...-- Do. 

Peso oH AUS UL ae ese 1. 210 7.30 pila) WC CHWS) a eae o Sire ots oe Stems and 1.48 per cent lead 

chromate. 

16920 |. ...- Om sees. MELO S37 5 peal ee es (ke apenas ae TA ae Stems, calcium carbonate, and 


2.07 per cent barium chro- 


mate. 
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TABLE 39.—Analysis of adulterated commercial insect powders—Continued. 


ee f Ash in- 
ple Madein—_ | ae Ash. soluble Color of ether extract. Adulterants. 
No dis 
; HCl 


Per ct. | Per ct. | Per ct. 
.14 0. 


17384 | United States..} 0.954 7 SopleGreenee ee sere eee All stems. 

17420 |.---. Coe S285 . 856 5. 70 90s Ssee COSesS See 0. 

17998 }...-. Gor 23s 947 5. 66 sOOulsaeee Oa ee Stems. 

RSIGR eeice dot 2228-2 849 7. 62 TAs eee e GOERS ee ee oe Allstems. 

19145 |----s Gora wee 807 6. 36 .61 | Strong green...-..-.-- Stems. 

P9S846s 122 ee Gow: Ss 1. 030 6. 69 Ge S| ea GORE 2 ae Oneeee: Do. 

20765 |. ---- On sea ee 1.185 7.18 1.13 | Greenish yellow- ...--- Do. 

20786 |----- OO AEs ae 887 6. 06 .37 | Strong green. ..------- Do. 
207875. -2 dOr sees 1. 060 7.19 TE AGTCCI Re Case eee Do. 

20793 |----- GOs a eee 954 6.16 Ole eaerae CLO ee Do 

20940 |..... GOL sBEt 772 4.96 .59 | Strong green...--.-.-- Do. 

PALEY ee oe dowseas- 1145 We Ost? 4.31 | Greenish yellow. ----.-- Stems and sand. 
222A a | ees Gor Soeee 1.015 6. 09 40s Dirty Green shee ae. Potassium chromateand stems. 
25 LG Pees Close ase: 786 5.26 .66 | Strong green ...-.----- All stems. 

23369 |.---- GOER score 1. 040 6. 57 SOs aGTeen 84222 st ee Stems. 

234794) =. 215 Oli Seesasee 1.165 6.75 <Souleecias COE Ne Do. 

PASI (alee GOH: Dae 1. 090 7.05 ~ (Onsete: GORRRESE Se oe s 
24030)}-- 2: egies 1. 050 8. 68 Sul SHpsses Gores hee Stems and sand. 
24768 |_...- CSIC eegtay ten 1.120 7. 00 “AGH sts: CG Noy dee teary es ea Stems 

24769 |....- MORE es Hes . 898 6. 38 .69 | Strong green...-----.- Do. 

25046 |.---- Gorse eee: 1.170 6.10 One A GTCOM ask a See: oe | Do. 


TABLE 40.—Analysis of commercial powders containing stems, amounts declared, made 
from ‘‘open’’ flowers and stems. 


Stems calculated 


Stems from— 
Sample No. Nitrogen, P20s. saved Mean. Error. 
present. Nutrereu, P,Os. 
Per cent. | Per cent. | Pcr cent.| Pcr cent. | Per cent. | Pcr cent. Per cent. 

12031 Ao ee ee 0. 891 0. 289 75 75 81 78 + 3 
2013s oe eee 1. 080 . 402 50 37 43 40 — 10 
2G DS ee A Ee eats 5 . 385 50 26 49 38 — 12 
PADS Ores eae NEES gt he aerate oe ODO Es sia ceegtmese 50 (i Yo ROaU Ree epee Vy eI + 13 
MASS GDP ee es Ne ete ete . 947 . 284 75 64 83 74. - 1 
1G S4AG ee eee ates SS ie eee E0303 ereceeere 50 iat achams Sea ener | ie Betoe — 3 
ZOUSG re ene ene . 887 .316 70 76 72 74 + 4 
PLY EY (ie aia ales see ieepre se lanleen mse 1. 060 . 390 40 41 47 44 + 4 
DOT OSE eye en eiteae = te OS AU wemtinsy tet et 50 623) epee oe 62 + 12 
PST Gey Sere we ee ee cles oe SAS Ou eye re ee 100 SSI fenpstee Urea ln ioe — 4 
D353 6G Ree ee eee coe TS OAQ | eee ae 50 7G pains ene set| Wy SS Seely mNe Cs) — 5 
DO DE eee ee ne ae aie eae PO9Ot eeeece se. 50 Ds eek sae a a RS — 15 
24030 oe ee RE P0500 5| ect = eee 50 AS. sk 75. eee ap eee et ee — 7 
Minim IMlentors sae el ss ee ON Re eee Ne calle |e of a ol Pane 1 
MES TP ETS TT OT eee ee I CR I ir a ee ba le eR 15 

7 
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From Table 40 it is evident that the amount of stems in commercial 
insect powder determined by the proposed method of calculation from 
the values for nitrogen and phosphorus pentoxid agrees within an 
average of less than 10 per cent of the amount declared to be present. 

In some cases the ash and acid-insoluble ash contents in insect 
powders have been found to be higher than they should be, based on 
those determinations made on samples of known purity and on 
samples of flowers and stems. Some jobbers have claimed that the 
high ash content of their product was due to the addition by the 
manufacturer of siliceous material during the grinding or to the intro- 


ate wT 
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duction of mineral matter during the grinding as a result of abrasion 
from the mill. In the case of stone mills there would be some wearing 
of the stones and a small amount of material would be introduced 
into the powder in this way. It can readily be seen, however, that 
if this were sufficient to increase the ash content appreciably, say, 
1 per cent, there would soon be nothing left of the mill. 

In order to determine whether there was any marked difference in 
the composition of the powder from that of the flowers from which 
it was made, a number of samples of ‘‘closed’’ Japanese flowers were 
collected immediately before entering the mill and samples of the 
ground product as it came from the mill. Owing to the great capac. 
ity of the milling and sieving machinery, the powder from any par- 
ticular sample of flowers could not be identified, but when collected 
over a period of a working day an average of all samples collected 
should be representative of the material. In Table 41 are given the 
analyses of these samples, which represent a run of about 60 bales 
(25,000 pounds) of ‘‘closed”’ Japanese flowers. ‘Table 42 contains the 
results of analyses of Japanese stems before and after grinding. 


TaBLE 41.—Anulysis of Japanese ‘‘closed” flowers before and after grinding. 


Fiowers. Powder. 
Si $ Ash in- F Ash in- 
piiroeen, Ash. soluble py eee Ash. soluble 
F in HCl. ; in HCl. 


Per cent. | Per cent. | Per cent. || Per cent. | Per cent. | Per cent. 


1.96 6.75 0.28 1.735 6.77 0.53 
1. 66 6.95 -32 1.705 7.15 74 
1.82 6.85 65 1.89 6. 56 45 
1.78 6. 67 e290 1.84 9 Silt 
172 6.92 68 1.88 7.61 ALSPAL 
1.76 7.09 79 1.76 7.40 1.90 
a CL 7.01 74 Veli 7.47 94 
sgh) 6.88 47 1.74 7.47 92 
1.80 7.15 82 1.81 7.53 1.03 
1.94 7.43 97 1.65 6. 84 82 
1.76 7.70 1.21 1.81 7.75 1.07 
1.73 Tans 77 1.73 7.48 1.04 
1.82 7.39 97 1.85 8. 23 1.45 
1.76 6.96 60 HAZE 7.71 1.09 
1.81 7.40 -98 1.68 7.50 90 
1.81 7.26 81 1.73 C212 1.31 
1.88 7.33 19 1es79 825 1.82 
1.84 8.58 2.03 1.70 7.42 1.06 
1.84 7.72 1.11 1s Zo) Usa 86 
1.91 7.46 89 1.76 8.97 . 64 
1.87 7.50 94 1.87 8.15 1.33 
1.82 7.63 1.05 1.80 8.19 1.64 
1.81 7. 84 1.22 1.76 7.44 1.04 
1.80 12 1.34 1.76 7.57 1.15 
1.90 8.22 1.83 1.79 7.81 1.29 
1.70 7.28 1.04 ACU 7.43 1.05 
1.93 7.26 1.07 wed, 7.64 1.27 
1.90 8.31 Le 1.73 7.56 1.14 
1:91 7.82 1.36 We 02 7.55 sale} 
1.98 7.68 1.15 rad. 7.42 thay 
1.87 easy) 1.05 1.80 7.93 1.46 
1.84 7:37 nO 1.80 1.59 1.10 
1.91 Tho 2) - 76 1.52 6.59 81 
1.77 7.22 94 

V7 83 17.42 11.00 11.77 17.54 11.10 

| 


1 Average. 


64 BULLETIN 824, U. S. DEPARTMENT OF AGRICULTURE. 


TaBLeE 42.—Analysis of Japanese Pyrethrum stems,' before and after grinding. 


Unground stems. Powdered stems. 
I 
= Ash , Ash 
Mivrogen,| Ash. |yiinsol. | \Cecie| shy |) inca 
5 in HCl. : in HCl. 
Per cent. | Per cent. | Per cent. || Per cent. | Per cent. | Per cent. 

0.982 5.03 1.10 0.706 4.29 0.85 
.814 5.58 1.50 . 765 4.54 1.02 
. 854 5.07 .79 1.015 6.26 1.94 
- 948 5. 63 1.45 -877 5.50 We 5y! 
. 884 4.81 .90 - 891 5.75 1.66 
842 5.03 Tes 
954 5. 86 1.54 
891 5.71 1.69 
912 5.71 Tey 
926 5.88 1.80 
758 4.75 1.15 
961 6.03 1.84 
940 5.81 1.81 
. 891 5. 67 1. 67 
. 863 5.07 1.28 
. 870 iy GY! 1.55 

-9162 5.222 1.152 - 8792 5.462 1.522 | 


1 These stems originally contained much ‘“‘dirt’? which was removed by sieving, 16 per cent being thus 
thrown Ney: The figures reported are on the stems after removal of all dirt. The discarded sievings 
analyzed: 


: Ash 
Nitrogen: Ash. | insoluble 
: in HCl. 


Per cent. | Per cent. | Per cent. 
1.93 21. 62 13.99 
1.93 23.23 15. 67 
1.82 93.64 16.19 


2 Average. 


The average results for nitrogen, total ash, and ash insoluble in 
hydrochloric acid in the flowers before and after grinding agree 
closely, showing that no appreciable change in composition 1s 
brought about by the process of grinding. 

In the case of stems the figures for total ash and acid-insoluble 
ash are a little higher in the ground product. This is no doubt due 
in part to the sampling, as it is difficult, in the case of the unground 
stems, to obtain a uniform sample, owing to the nature of the mate- 
rial and to the way in which it is packed. 

Practically all the insect flowers imported into this country are 
the Chrysanthemum cinerarrxfoliuum, but after the beginning of the 
recent European war a few shipments of flowers of Chrysanthemum 
roseum were received from Russia, through Marseilles or Italian ports. 
The results of analysis of these samples are given in Table 43. A 
comparison of these results with the corresponding figures for 


the various grades of flowers and stems of C. cinerarizfolium shows 


that the ash and nitrogen contents of C. rosewm are higher and the 
ether extract and pentosans are lower than those of either the flowers 
or stems of the C. cinerarizfolium. The values for crude fiber and 


et ee Oe a ee ey Oe 
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phosphorus pentoxid of C. roseum correspond closely to those of the 
closed flowers of C. cineramefolium. The powder prepared from the ° 
flowers of CO. rosewm is much darker and has a different odor than the 
ordinary insect powder. The odor of an insect powder and a micro- 
scopical examination should serve as a means to determine whether 
or not the product has been prepared from C. rosewn or C. cine- 
rariefolvum. 


TaBLeE 43.—Analysis of insect flowers (Chrysanthemum roseum). 


ie Ash 
Nitrogen Ether Pento- Crude A 

Sample No. Noni 20nd tl overages lo 'sanc. col Giber, a. SSbe#lmsoluble 

in HCl. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
TCSII ge it a CO SN A iN Ds, (VSS iH Se eck A ey Bee cata Se fee EME AD oll pep og 8.75 0.60 
ICU B EE se eee Gres? S565 aa eee DE OSM EIN ta SIE EEOS AE EE 2 SSS See SS. 8. 45 nat) 
DUAR Tete ise sien aes eee 2. 26 0.714 2. 83 13. 78 20. 44 11.09 eal 
DRY Eee ee eee ae FOP he eee ae 1.95 . 691 2.74 13. 21 20. 04 10. 89 1.45 
DPD Dae tice). Sate see 0 nel ty ae aa 2.04 . 138 2:13 13. 42 19.31 11.90 iL pAyl 
DIG Ey Ss BA RO COTE ET CO ROR er T ae US WSS5ace58 6 Fae es Ss] | ASCE ite Aen [ese i aera 12. 62 3.42 
Pap SY (5) SS RE a Saleen ree 2.08 NOLO Mase acetate eens 18. 46 9.15 45 
BIGOT ee here 7 Rey te tee pa 5 o) 2.00 MOSMP Rise acy, | ey ES as hak 17.80 9.88 1. 26 
Wihboteabhelsneaneseooeeeaoe 1.95 . 691 2.73 13. 21 19.31 8.45 Bats) 
ING Nahar os BO RSE he 2. 26 . 738 2. 83 13. 78 20. 44 12. 62 3.42 
IAW CLAS CE aees aos be seana 3 2.08 .714 PRUE 13. 47 19.93 10.34 1. 27 


Samples of Chrysanthemum leucanthemum (generally called ‘‘field 
daisy” or ‘‘oxeye daisy” in this country), which have been largely 
used in the past, and to some extent at the present time,' as an 
adulterant of insect powder, have been analyzed in the Insecticide 
and Fungicide Laboratory (Table 44). 


TaBLE 44.—Analysis of Chrysanthemum leucanthemum. 


: Ash 
Sample Been Nitrogen, * Ether Pento- Crude 
No. Description. N. Ash. oe P20s- | extract. sans. fiber. 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
114933 | Flowers only....-..-.--| 1.82 10.02 0.92 0. 684 3.18 14.34 20.14 
2 23020 Qe ee eee iaten, SP | 223 10. 45 vi USS: | |e Ws Lec | a aaa ls eat aie || lk Es 
23020 | Stems only..--.....--- 1.45 10.38 7 ee Se ee ees al ee ee ee eae ee 


1 Sent in as ‘‘false’’ insect flowers. 2 Collected near Markham, Va. 


ACTIVE PRINCIPLE OF INSECT POWDER. 
PREVIOUS INVESTIGATIONS. 


The earliest recorded investigation on the active insecticidal con- 
stituents of insect powder is that of Ragazzini cited by de Visiani 
(67) in 1854. The powder prepared from the Chrysanthemum cinera- 
rizefolium was used by Ragazzini in his experiments. His conclusion 
was that the narcotic action of the powder was due not to any 
single substance but rather to a mixture of substances. 


1U. S. Dept. Agr. Bull. 795, 
139815°—20—Bull. 824——5 
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Hanamann (114), in 1863, referred to previous work by Heller and 
‘ Kletzinsky, stating that they found genuine Persian insect powder 
to contain no narcotic or alkaloidal plant poisons or poisonous min- 
eral substances, but only ethereal oil and santonin, as the active 
insecticidal constituents. From his own experiments Hanamann 
concluded that Pyrethrum flowers contain no poisonous acting 
alkaloid or santonin, but mostly indifferent substances, and that 
only the ethereal oil in concentrated form can have any harmful 
effect. He stated that genuine insect powder can not have the 
slightest harmful action on the human organism. 

Rother (234), in 1876, recorded the results of some tests made upon 
Pyrethrum, but the species he used is not indicated. The absence 
of alkaloids is proven, and the active principle is stated to be a glu- 
coside, called persicin, which can be split up into glucose and an 
inert body called persiretin. He also isolated a yellowish, bitter 
resin, designated as persicem. Later, Rother (235) states_that per- 
sicin is not a glucoside and that the glucose reaction is due to glucose 
or a gum preexisting in the powder. Thus the matter is left in a 
state of confusion. 

Jousset de Bellesme (63), in 1876, stated that the toxic principle of 
insect powder is entirely extracted by alcohol. He isolated the 
essential oil of Pyrethrum, and proved its harmlessness on insects. 
As he expresses it, after having submitted Pyrethrum to the treat- 
ment proper to extract an alkaloid, he obtained a crystallized prin- 
ciple which enjoyed to a high degree the toxic properties of the plant. 
This account of the work of de Bellesme is simply an abstract of an 
address he made before the Biological Society of Paris. Statements 
are made, but no experimental proof is given. 

Semenoff (253), in 1877, obtained flowers of Pyrethrum, presum- 
ably Pyrethrum roseum or carneum, from Caucasia, near the Turkish 
boundary. Dried at 25° C., the flowers were as active against insects 
as commercial insect powder. An essential oil was obtained by steam 
distillation, but proved to be inactive. By distillation in an alkaline 
solution a very small amount of an alkaloid was obtained. By 
macerating 1 pound of the flowers with 5 pounds of ether for 5 days, 
and evaporating the extract, a mixture of resin, oil, wax, and acids 
was obtained, which on steam distillation yielded an ethereal oil 
that killed insects. 

Hager (111), in 1878, reported that the insecticidal activity of the 
flowers of Pyrethrum carneum and roseum was due to two substances. 
One was a body similar to trimethylamin which was found in the 
flowers combined with an acid; the other was a resin found in the 
pollen grains. Hager obtained some of the first substance in -combi- 
nation with hydrochloric acid, added to it some potassium hydroxid 
solution, and noticed that flies held over the mixture exhibited con- 
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vulsive movements. The resin when dusted on insects acted very 
energetically. Solutions of the powder made with water or with 
dilute alcohol were found to be entirely inactive. 

Dal Sie (60), in 1879, claimed to have proven the presence of a free, 
easily volatilized acid which was found in the ethereal, alcoholic, or 
aqueous extracts of the powder. From the ether extract of the flowers 
he obtained not only a crystallizable acid, but also an aromatic 
smelling acid of oily consistency at ordinary temperature. From 
the alcoholic extract he obtained a resinous matter resembling a 
glucoside, probably the same as that found by Rother, since under 
the influence of dilute sulphuric acid it split up into sugar and another 
product. According to Dal Sie, since the fumes which result from 
the incomplete combustion of insect powder exhibit the toxicity 
of the original powder, the toxic principle must be volatile without 
decomposition, and the free volatile acid is, therefore, the most 
active constituent of Pyrethrum. 

Oscar Textor (272), 1881, as the result of his tests, stated that 
“the active principle of Persian insect powder is, in nature, a soft 
resin.’ He pulverized (80-mesh) 14 ounces of whole flowers (Species 
not indicated), and percolated the powder with benzine for 6 hours, 
using 6 fluid ounces. The benzine solution was evaporated, water 
added, and again evaporated to remove any volatile oil. The residue 
was treated with dilute acid and filtered. No alkaloid could be de- 
tected in the filtrate by phosphomolybdic acid, Mayer’s reagent, or by 
a solution of iodin in potassium iodid. The benzine extract, the 
benzine extract in alcohol precipitated by acid, and the benzine 
extract in caustic potash and precipitated by acid, were all poisonous 
to flies. The benzine extract in alcohol was acid to litmus. A test 
for essential oil was made by allowing the powder to stand in dilute 
salt solution for 24 hours and then distilling, but none was obtained. 

Hirschsohn (133), in 1890, found that alcohol, ether, chloroform, 
or benzine would dissolve the active principle of insect powder. 
The extract obtained with these solvents, when added to an inactive 
powder, e. g., powdered chamomile, produced a powder as active 
as the original insect powder before extraction. From the work 
of Hirschsohn, the active principle would appear to be nonvolatile, 
as he found samples of powder which had stood for 5 years in paper 
boxes still as active as fresh powder. Heated at 120°, insect powder 
lost its odor, but was as active as ever against flies. To see if the 
active principle was acid in nature, he treated powder with alcoholic 
ammonia, also with alcoholic potash, but after drying in the air the 
powder was as active as ever. Placed for 24 hours in water, the water 
became acid, but the powder after drying was still active. 
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Gillette (96), in 1889, arrived at the same conclusions as to the 
absence of toxic substances in the volatile oil of Pyrethrum. He 
made practical tests upon insects, operating as follows: 


Two or 3 grams of the powder were first put in a test tube and the dust allowed to 
settle fora few minutes. Then a loose cotton plug was pushed halfway down in each, 
upon which were placed the insects, and the tubes were then tightly corked. Dipte- 
rons, ichneumons, chalcids, cynipids, and aphids were subjected to this treatment, 
and allowed to remain for different lengths of time, varying from 1 or 2 to 40 hours, 
without showing any signs of being affected by the volatile oil. 


To see if the toxic principle of Pyrethrum would come off at a 
higher temperature, Gillette made further tests: — 


Two cynipids were then similarly inclosed in a tube with fresh powder and the lower 
end of the tube was held for 10 minutes in a dish of boiling water, the upper end of the 
tube being kept cool with a wet cloth. The insects were allowed to remain for a few 
minutes after the boiling, but showed no signs of being affected by the treatment. 

Another tube was then prepared in which were confined other cynipids in a manner 
similar to the preceding, and the tube was held over the flame of an alcohol lamp and 
constantly shaken until the powder was entirely browned, care being taken not to 
burn it. The insects were unhurt by this treatment. 

Then a quantity of powder was put in a tube and held in the flame of a lamp until 
the tube was filled with fumes. These fumes were poured over into another tube 
in which was an ichneumon, on which they took immediate effect and death ensued 
in a very few minutes. 

Next, three ichneumons were enclosed in separate tubes. One wasshaken up with 
a small amount of fresh Pyrethrum powder, one with a small amount of the browned 
powder spoken of in the second preceding experiment, and one in a small amount 
of the partially burned powder spoken of in the preceding experiment. In each case 
the insect was killed, the fresh and the browned articles acting alike, and the par- 
tially burned powder acting somewhat slower. 

Three grams of the powder were then put in about 90 cc. of water in a retort and 
boiled for one-half hour, the vapor being caught and condensed in a receiver. Soon 
after boiling began a slight odor was noticed escaping about the mouth of the receiver 
which the neck of the retort did not quite fill. «A cynipid was entangled in a bit of 
cotton and crowded into the opening, where it remained for 12 minutes without being 
affected. 

About one-half of the liquid was sent over in the above experiment, and the distil- 
late was clear, colorless, and almost tasteless and odorless, there being a slight taste 
resembling steeped hay. The distillate and the residue were used to compare their 
insecticidal properties with one another and with fresh powder extracted in cold 
water for 24 hours. The results of these experiments were that the distillate used 
pure killed but a very small percentage of the lice treated and that the residue was as 
efficient as the same amount of powder extracted in cold water. 


Gillette found that ether extracted all the insecticidal principle 
from Pyrethrum, as the extracted powder when dusted upon insects 
had no effect. The greater part of the ether extract would dissolve 
readily in water, and this water solution affected insects exactly as 
if they had been treated with Pyrethrum. 

Zuco (296), in 1889, made an ethereal extract of the flowers of 
Chrysanthemum cinerarixfolum. After repeated treatment of this 
with aqueous and alcoholic potash a substance was left which formed 
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yellow crystals and had a melting point of 70°to 100°. After repeated 
recrystallization from cold ether a paraffin, C,,H,,, of melting point 
64°, was obtained. This dissolved freely in ether, benzene, chloro- 
form, and moderately hot alcohol, but was almost insoluble in cold 
alcohol. The portion remaining in cold ether was recrystallized 
until the melting point was above 150°. Pure cholesterin was pre- 
pared from either the acetyl or benzoyl derivative of this substance 
by the action of alcoholic potash. The cholesterin thus obtained had 
a melting point of 183°; the melting point of its acetyl derivative 
was 223°, and that of the benzoyl derivative, 246°. It dissolved 
freely in ether, benzene, and chloroform, sparingly in hot alcohol, 
and gave all the reactions for cholesterin. 

In 1890, Zuco (297, 298) obtained a glucoside and also an alkaloid 
from the flowers of Chrysanthemum cinerariefolium. He described 
the glucoside as crystalline, but not enough was obtained for proper 
investigation. Later, Zuco (299) described the method he used in 
obtaining the alkaloid, called chrysanthemine, from Pyrethrum 
flowers. Ten kilograms of flowers were boiled in distilled water for 
2 or 3 hours, filtered through cloth, the residue pressed and treated 
again in the same manner. The extracts were evaporated down to 
30 liters, treated with neutral lead acetate and basic lead acetate, 
neutralized with soda, filtered, and the excess of lead removed by 
passing hydrogen sulphid. After filtration, the liquid was concen- 
trated to about 2 liters, boiled for some time with dilute sulphuric 
acid, filtered again, and boiled until no more resinous matters were 
formed. The liquid was then decolorized with animal black, and an 
excess of the double iodid of potassium and bismuth added, which 
precipitated a heavy bright red crystalline powder. From this the 
alkaloid was obtained. According to Zuco this is a colorless sirup, 
soluble in water and in alkalis, soluble in ethyl and methyl alcohol, 
but not in ether, chloroform, or benzene. The base is described as 
being optically inactive and physiologically innocuous. The work 
of Zuco thus shows that the active insecticidal agent of Pyrethrum 
flowers is not alkaloidal in nature. 

Kymard (77), in 1890, distilled a mixture of insect powder with 3 
parts of water. The distillate was slightly opaline, held in suspen- 
sion a small quantity of ‘‘essence,’’ and presented a strong and 
characteristic odor of Pyrethrum flowers. Tested upon ants and 
other insects, however, the distillate was found to have no effect, 
from which Kymard concludes that the essential oil is not the active 
insecticidal agent of insect powder. 

An ether extract was made, deep yellow and strongly odorous. 
It gave up nothing to water, but was completely soluble in 95 per 
cent alcohol and in alkalis. From alkaline solution it was precipi- 
tated by acid. From 110 grams of insect powder Eymard obtained 
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5.60 grams ether extract. This was dissolved in alcohol and treated 

with silver nitrate, which precipitated the fatty acids as silver salts, 
while the silver resinates remained in solution. The ether extract 
was in this manner shown to consist of 3.80 grams fatty bodies and 
1.80 grams resinous matter. Insects placed upon a piece of paper 
impregnated with this resinous matter manifested extreme agitation 
and died in about 5 minutes. After exhaustion with ether, the 
insect powder was successively extracted with 95 per cent alcohol, 
cold distilled water, and boiling distilled water, but no toxic sub- 
stances were obtained. No alkaloids were detected. Eymard con- 
cludes that the toxic principle of Pyrethrum is found in the part 
soluble in ether, and more especially in the resin. However, it is his 
opinion that several factors unite in the réle of insecticide, as he found 
that the isolated active principle worked less actively than the 
original powder. 

Schlagdenhauffen and Reeb (245), in 1890, distilled 250 grams of 
the flowers of Pyrethrum in a current of steam, collecting 750 grams 
of distillate. After filtering through a wet filter, the distillate was 
extracted with ether, the ethereal solution separated, filtered, and 
evaporated at a temperature not exceeding 30°. A few drops of a 
green oil which was toxic to insects were thus obtained. No alkaloid 
was present in the oil. The aqueous part was acid, but had no 
injurious effect upon insects. The authors obtained an acid which 
was toxic to insects, by exhausting with alcohol acidulated with 
hydrochloric acid, drying, exhausting with ether, shaking the ethe- 
real solution with ammoniacal water, evaporating to dryness, again 
taking up in water, and filtering. The filtrate contains the am- 
monium salt of the toxic acid. This acid was also obtained by 
extracting with alcohol, neutralizing exactly with a solution of 
potassium hydroxid, evaporating gently to dryness, taking up in 
water, filtering, and treating the filtrate with a solution of tartaric 
acid, and extracting the liberated acid with ether. This toxic acid 
the authors call pyrethrotoxic acid. Injected into guinea pigs, this 
acid produced its action in 2 perfectly distinct stages. In the first, 
an excitation was produced, being more or less pronounced according 
to the proportion of matter administered; in the second stage, on 
the contrary, a complete prostration was produced, accompanied 
always with paralysis of the lower extremities. 

Thoms (275), 1890, extracted 10 kilograms of best *‘ ‘closed? 
Dalmatian flowers with 55° petroleum ether for 7 days. Evaporated 
un vacuo, he obtained 230 grams of a greenish-yellow extract which 
had the characteristic odor of insect powder. This extract contained 
many crystals and was of a waxy consistency. By solution in alco- 
hol and again evaporating, a yellow wax, melting point, 54°, was 
obtained. By pouring the alcoholic solution into water and setting 
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in the direct sunlight, a white wax, of melting point 56.5°, was ob- 
tained. After separation of the waxy bodies from the solution a 
sugar (dextrose) was shown to be present. Altogether, Thoms 
succeeded in isolating from insect powder: (1) An essential oil, (2) 
a volatile acid, (3) a wax, (4) a nonvolatile, potassium permanganate 
reducing, balsamlike acid, (5) chlorophyll, (6) colophonic acid, (7) 
tannic acid, (8) a body with alkaloidal properties, (9) a body with 
glucosidal properties, and (10) sugar. Thoms found the petroleum- 
ether extract and the essential oil to possess toxic properties, while 
the nonvolatile acid, the glucoside, and the other substances were 
harmless to insects. 

De Boisse (64), 1895, claimed that the active principle of Pyre- 
thrum cinerarizfoluum is a yellow resin soluble in sulphuric ether, 
insoluble in water, very slightly soluble in alcohol, carbon disulphid, 
and fatty bodies. Alkalis decompose it rapidly. The flowering 
heads and leaves contain a good deal of this resin; the lower parts of 
the stems, very little. De Boisse gives no experimental proof for 
these statements. | 

Durrant (73), in 1897, stated: ‘‘The toxic properties of insect pow- 
der are due to (1) a volatile oil amounting to 0.5 per cent in picked 
specimens of closed flowers and much less in open flowers; (2) a soft 
acid resinous body which is the principal source of the toxic effect. 
It is found to the amount of 4.8 per cent in selected closed flowers, 
less than 4 per cent in half-open flowers, and still less in flowers that 
are fully open; the whole plant apart from the flowers contains mere 
traces of resin.’’ 

Gerard (93), 1898, stated that the active principle of Pyrethrum 
consists of two different substances: (1) An oleo-resin, and (2) an 
essential oil. These are found principally in the bracts and around 
the ovaries of the flowers, comparatively little being found in the 
corollas. 

Sato (236, 237), as a result of work done in 1905-1907, reports the 
isolation of a light-yellow, odorless, transparent, sirupy resin from 
Pyrethrum flowers, which he calls pyretol. At first this is tasteless, 
but later has a benumbing effect. It is insoluble in water and dilute 
acids, and soluble in alcohol, ether, and petroleum ether. It is 
soluble in hot alkaline solutions, but when precipitated from such 
solutions by acids the resin becomes completely inactive. 

Fujitani (89), m 1909, conducted an elaborate research on the flow- 
ers of Chrysanthemum cinerarizfolium, using flowers cultivated in 
the Provinces of Ki-i and Mikawa, Japan. The flowers were ground 
and the powder soaked for 1 week in 95 per cent alcohol at room 
temperature. The alcohol was distilled off, leaving an extract of a 
greenish-brown color and a characteristic odor of insect powder, and 
quite toxic to insects. The yield was about 10 percent. The alcohol 
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extract was shaken up with water until entirely free from water- 
soluble substances. The residue was then dissolved in ether, the 


part insoluble in ether being treated with potassium hydroxid solu- 


tion, and this then shaken out with ether. The deep-green ethereal 
solution was freed of chlorophyll, etc., by shaking with 10 per cent 
caustic-potash solution until the dark green turned to a yellow brown 
and the alkaline solution was entirely colorless. The ether solution 
was then shaken out once with dilute sulphuric acid, then with water, 
and finally the ether distilled off. This left a clear, yellow-brown mass 
which gave a neutral reaction and had a sharp and bitter taste and 
the characteristic odor of insect powder. The yield of this material 
was 1.4 per cent of the original material. For further purification 
the substance was dissolved in a little ether mixed with a large 
amount of petroleum ether, filtered, warmed with animal charcoal, 
-and again filtered, and the petroleum ether then evaporated. A 
yellow sirupy mass was left, which had only a feeble odor, and a 
taste bitter at first and then intensely sharp. It gave a neutral 
reaction, was soluble in alcohol, ether, etc., but was insoluble in 
water, acids, and alkalis. It contained no nitrogen. This substance, 
which seems to be an ester, Fujitani calls pyrethron, and it is, accord- 
ing to him, the active insecticidal principle of Pyrethrum. Pyre- 
thron decomposes even on standing, yielding pyrethrol, which ap- 
pears to have the formula C,, H,,O. Tested upon different animals, 
pyrethron showed an action similar to that of veratrine. Fish and 
insects were very susceptible but protozoa very tolerant. On warm- 
blooded animals it caused epileptiform convulsions, increased 
blood pressure, and increased breathing movements. 

Reeb (214), 1909, criticized Fujitani’s work, arguing that treat- 
ment of the alcoholic extract with such powerful reagents as 10 per 
cent solution of potassium hydroxid and sulphuric acid might change 
bodies dissolved in the alcohol. Therefore it is not certain that the 
final product obtained by Fujitani, although toxic, is the real active 
preexisting principle. Reeb extracted Dalmatian insect powder 
with petroleum ether (specific gravity, 0.670). The petrolic liquids 
were filtered and evaporated, leaving a soft residue which represented 
3.50 per cent of the powder employed. This was treated with suc- 
cessive quantities of hot alcohol in the presence of a little animal 
charcoal. The alcoholic solutions were filtered and allowed to stand 
about a month, at the end of which time a resin (melting point, 125°) 
had deposited. This resin Reeb calls pyrethresine. From the alco- 
holic solution Reeb separates pyrethrotoxic acid by evaporating to 
dryness, taking up in acetone, adding barium carbonate, evaporat- 
ing to dryness, taking up in water, decomposing with sulphuric acid, 
and shaking out with ether, which upon evaporation leaves the pyre- 
throtoxic acid. From this work, therefore, Reeb verifies the work of 
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himself and Schlagdenhauffen. According to Reeb, the toxic prin- 
ciple of insect powder is an acid called pyrethrotoxic acid, which pre- 
exists in the free state in the flowers of Pyrethrum. 

In 1912 Yoshimura and Trier (295) published the results of their 
work upon the closed flowers of (. cinerariefolium in search of 
betains. From 1 kilogram of air-dried powder they obtained 0.2 
gram cholin and 0.8 gram stachydrin, both calculated as hydro- 
chlorids. They made no tests as to the insecticidal action of these 
substances, but they are probably inert. 

Siedler (258), 1915, distilled 30 kilograms of half-closed flowers 
with dry steam, extracted the distillate with ether, and thus obtained 
a salvelike mass of strong characteristic odor. The yield was 20.212 
grams, or 0.067 per cent of the original material. Spread on un- 
glazed porcelain, all was absorbed but 0.789 gram. By fractional 
recrystallization from aqueous alcohol 2 bodies were obtained from 
this unabsorbed portion: (1) Fine needles, melting point, 54—56°; 
and (2) fine plates, melting point, 58-60°. Recrystallized from 
absolute alcohol this substance had a melting point of 62°. Ele- 
mentary analysis of (1) showed it to correspond closely to the 
formula ©,,H,. Analysis of (2) showed a formula approximating 
palmitic acid. The material absorbed by the porous plate was 
extracted with ether, and this concentrated solution mixed with 2 
parts ether and 1 part alcohol. By extraction with sodium bisul- 
phite solution, 0.049 gram of material was obtained of an aromatic 
odor, but without effect upon insects. By extraction with 2 per 
cent potassium hydroxid solution, 3.156 grams of material were 
isolated. No test for phenol could be obtained. An acid of butyric 
odor was obtained, but it was inert toward insects. Other tests, 
such as distillation of the material under reduced pressure, are 
recorded by Siedler, but nothing possessing insecticidal action could 
be isolated. 

Evidently, then, a number of investigations on the nature of the 
active insecticidal principle of Pyrethrum have been carried out, 
but the results are at great variance. Table 45 gives a brief sum- 
mary of these investigations. 


TABLE 45.—Summary of investigations on active insecticidal principle of Pyrethrum. 


Sieg Investigator. Ee Species EEN Active rae considered 
reference. b 
1854 | Ragazzini(de Visiani).... 67 | Cinerarizfolium......... A mixture of substances, nature 
not determined. 
1863 | Heller & Kletzinsky TRO IHID (Q)ipsooees dees sell An essential oil and santonin. 
(Hanamann.) 
18630) -elanamanne-e.-o) ae. - MAL So eal GOS nee ee rein Ota | An essential oil, ‘‘persicin.”’ 
SUG  BECOEN CLS eat ence sok ore Psy tal eg) Ngee ES i el Be oS | 
1876 | De Bellesme. ...2......:.- GS hi Ge) pice: Se pee xs ree | A “crystallized principle.”’ 
UOTE SCMTICNOlts oeee ee oe. 253))|)| KOSCwIY (Ch) ase. eee ee |) AMessential onl: 
NS7TSa| ME OSCR Se soko eke | 111 ee and Carneum | A resin and an amin. 
Ns 
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eae Wer ecrioaiae Bs Species of Pyrethrum Active principle considered 

reference. BSS Ue BS: 
ASAE D AL Sick sets a sae ot aes SS | GOR) i) sete Sea A free volatile acid. 
SS1= RR OXtOnses setae ea ART Wek 0) Vises ERIE eee | A soft resin. 
1889" EGilleties seb y= | 96: 4) sas ee ee | {fsolated in Se ics 
ia! lf 9« 7 solated a par a phytosterel, 
eee \Zruco eee, tment wae ie eee if vent oe \ Cinerarivefolium Mee eae i an cian and a glucoside, 
8 ? but ali were inert. 
1890 | Hirschsohn..........._---. 133: | -Rosewm: €?). 22.2 nee ee Not acid and not volatile. 
NSOOs|PRyMandese- ae ae eee (fi feal Vel C1) ER a eae oes See See [ae Daly a resin. 
1890 Benlagdenhautien and 245 | Cinerarixfolium......... “‘Pyrethrotoxic acid.” 
eeb. 
TSOOZ RH OMS 225-2 Ss gases D5 aes GOs ees See tr kee An essential! oil. 
fS95 = BDEsBOisses of o> pe ce ee | 645 |S CO=2 22 aoe cee. A resin. 
ASO UT AMS tee ee ees (Bel tesee GOs Ae hes eects A resin and volatile oil. 
1898 | Gerard....-- ech eames | 93° |a=-2 GOizeS2 2 a | An oleoresin and volatile oil. 
ee \Sato. Nite a se Fortietain 435 abs | 236, 237 |... Gok ee 3a) A sirupy resin, “‘pyretol.”” 
19095 | *Wujitanl. =. 29s Se ees 89:4 oe dosti sha met An ester, “pyrethron.” 
[9097 ISRGE DS aac eee cee PAIL epee ose (3 (Deanne amen Seay ss Pyrethrotoxic acid.’’ 
1912 | Yoshimura and Trier.-.--__ 295s ese= GOlif=s i See eee Cholin and stachydrin (inert). 
OT OR I OleGIer eee oe eet Se een CUO Saar iets eae a | Nothing definite. 
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EXPERIMENTAL WORK. 


PRELIMINARY TESTS. 


The coarsely powdered flowers, subjected to steam distillation, 
yielded 0.28 per cent of a Pesioe oil. This had an odor somewhat 
like that of rosemary oil, together with a characteristic Pyrethrum 
odor, but the amount Woes was too small to permit a chemical 
examination. Tested against flies, this oil had only slight repelling 
properties, and did not show the characteristic effects of Pyrethrum 
powder. 

A steam distillation of the flowers in the presence of sodium 
hydroxid yielded only-0.15 per cent of oil, which had a disagreeable 
odor. Careful tests for alkaloids in the distillate gave negative 
results. A steam distillation of the flowers in the presence of a 
little sulphuric acid yielded 0.16 per cent oil, which lacked the 
characteristic odor of Pyrethrum. Tested against flies, the oils 
from the aikaline and acid steam distillations had even less effect 
than that obtained in a straight steam distillation. From these 
distillation experiments it may be concluded that the substance, or 
substances, in Pyrethrum which cause its characteristic effect upon 
insects are not removed by steam distillation in neutral, alkaline, 
or acid solutions. 

After being subjected to steam distillation in neutral solution, the 
flowers were dried and tested upon roaches, when they were found to 


be as active as before treatment. This shows that treatment with - 


steam does not decompose the insecticidal principle. 

To test the action of dilute acid and alkaline solutions upon 
insect flowers, 50 grams of the coarsely powdered material were 
treated with 500 cc. of solution for 24 hours, stirred occasionally, 
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then: filtered off, and dried at room temperature. The residual 
powder, after treatment with 1 per cent hydrochloric acid (HCl), 
1 per cent acetic acid (CH,COOH), 1 per cent ammonium hydroxid 
(NH,OH), or distilled water, was apparently as active as ever 
(tested against roaches), but after extraction with 1 per cent potas- 
sium hydroxid (KOH) the powder was entirely inert. These tests 
show that the active principle is soluble in dilute KOH, or else is 
rendered inert by it, but is insoluble in, or unaffected by, water, dilute 
acids, or dilute ammonium hydroxid. 

Heated at 107° C. for 17 days the powder took on a markedly 
‘reddish color. All characteristic odor disappeared after about 3 
days’ heating. At the end of the 17-day period the powder was 
tested upon roaches, and found to be entirely inert. Heated in a 
vacuum oven at the temperature of boiling water for 14 hours, the 
powder completely lost its characteristic odor, but was still active 
against roaches. This again indicates that the essential oil does 
not contain the characteristically acting insecticidal principle. 

Different portions of the powder were dried over sulphuric acid 
and solid sodium hydroxid in desiccators 1m vacuo for 12 days. At 
the end of this time the powders had lost a great portion of their odor 
but were still active against roaches. 

The following tests were made on 300 grams of powder to see 
what amount of extract different solvents would remove when used 
one after the other in a Soxhlet extraction apparatus. The succes- 
sion used was petroleum ether, chloroform, acetone, and 95 per cent 
alcohol: 


Solvent. Extract. 

; Per cent. 
eStrolewmyeteney. 3s ast ASS Rate aa ALP ERS Ve Rey Rete he Rett ass SENIOR Le ue se 3.4 
GENTOO Le eae wets cre ee eer ees Sa air SE Co aay ts coe fen piety Sua RNet\ pe Be ela 5.0 
INGOT OME M ne eee = Pa hee eee et Ee a PIS Ee SII, Spee ct hae Mace R ne Ie ieya> BU See Le RCo 6.2 
INTO OO A es Ne eT i cy ne la ey te RS Se a A ae Pad oe 9.0 

NOY R20 las oy eR ae ar ere nee BIE Ie ce es Ce TRS any AUP Pe Se 23.6 


Fifty-gram portions of coarsely-powdered material (made from 
partially open flowers) were then completely extracted in Soxhlet 
extraction apparatus by various organic solvents. The object of 
these extractions was to determine what solvents would remove the 
active principle and at the same time extract as little as possible of 
the other substances. In nearly all cases a quantity of resinous 
material separated from solution after the extraction had been run- 
ning for some time. This resinous material, which would not go 
into solution, even when treated with large quantities of the solvent, 
apparently resulted from the polymerization of unstable terpenelike 
substances extracted by the solvent, a polymerization probably 
induced by the heat of the boiling solvent. 
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After extraction the material was tested on roaches, ants, and other 
insects by the entomologists of the Bureau of Entomology, of this de- 
partment, at the Vienna testing laboratory, Vienna, Va. In all 
cases the extracted material was entirely inert when tested against 
these insects, showing that all the solvents used completely remove 
the insecticidal principle. 

Table 46 shows the solvents used, the total amount of extracted 
material removed by each solvent, and the amount of insoluble resin 
separating out in each case. 


TABLE 46.—Amount of material extracted by various solvents from the flowers of C. cinera- 
rixfolium (Sample No. 26962). 


z Total | Insoluble 
Solvent. extract. resin. 
Per cent. | Per cent. 

Chloroform ssicf eo soot onset Shee Ae ho oe cee eh pea ee ee cee ce = eee 8. 93 0. 04 
Carbomtetrachlorid (4 cost eer ee ee ee a et ESE ergo eee ee 6.51 80 
WieSiP A etherkiect. 2252 Se a eS or aes ae 8 oe ee Saye Ae a OS 7.85 77 
IPOLTOICUIN CEN CR ee see ae oe ee ae eT ae ie eee sr ete eee Nome Sere 37 
Carbon disulphid:t.. G35. 35 tots. aces 4a aces sere tek Sg eee 4.57 62 
[Mie tibiy all COMO ENE persicae = Se wie pected cee ae eee eee Tere eee eo oe 28. 78 11.38 
Kthylaleoholi(absolute) sh: jss5 ace: o8eo eRe ED ee Ce ee ee eee 19.18 tes 
BP thyLalconol(95 per Cent) 22 o2. <a ea eee ese ten eas eee anes eee eee 30.91 4.18 
AMOStONG s/f 5 Soe eased hee Resees ts? [acess ae A eke ase eee StS. See eee 16. 66 2. 20 
IB ONZ OS Src oe en eee Ses Seis Ree a ea SOS Se ae Se Se Se en eC eee ees ae ae 5.7 -00 
DAES Ue eee ae ene eee eS aaac sonar cacti. sarc. fcosepgs coded eeeecw stores 15. 48 1.30 


No insoluble resin is formed in extracting with benzol, and only 
a trace with chloroform. ~The large amount of insoluble extract in 
the case of methyl alcohol is explained by the fact that the solution 
went nearly to dryness through loss of the solvent by evaporation. 

In view of the fact that all the solvents completely removed the 
insecticidal principle, as shown by practical tests, and petroleum 
ether extracted the smallest amount of material, it was decided to 
use petroleum ether as the solvent in further work and to use a perco- 
lator in making the extractions, to avoid heating the material in 
solution. 

For the percolation a quantity of f the highest grade closed Japanese 
insect flowers procurable were coarsely powdered, packed in a glass 
percolator, macerated with the solvent for 48 hours, and the percola- 
tion then allowed to proceed slowly, the solution being drawn off at 
the rate of about 1 drop a second. In this way a beautiful, shghtly 
greenish-yellow solution was obtained. This was placed in large 
glass crystallizing dishes, and the solvent allowed to evaporate at 
room temperature in a current of air. The residue remaining was 
partly solid and partly an oily liquid, at ordinary temperature, of a 
reddish-yellow color, and had a strong characteristic odor. Nothing 
crystalline was observed in this residue. Careful tests showed that 
it did not contain any nitrogen. 
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For further separation of the materials present in this residue, the 
entire material extracted by the petroleum ether was saponified by 
boiling with alcoholic potash (22 grams of potassium hydroxid and 600 
cc. 95 per cent alcohol to 32 grams of extract). The boiling was con- 
tinued for 75 minutes, the alcohol removed by evaporation on the 
steam bath, the residue taken up in water, and the alkaline solution 
extracted withether. The ethereal extracts, which were of a beautiful 
reddish-yellow color, were combined, washed with a little water, 
dried over calcium chlorid, and the ether removed by evaporation at 
room temperature in a current of air. A mass of reddish-yellow 
powder was left. On recrystallizing this powder from alcohol, the 
first recrystallization removed all of the red color, and the second all 
but a trace of the yellow color, leaving crystals of a very pale yellow. 
The melting point of these crystals (167° to 168°) and tests for a 
phytosterol showed it to be a phytosterol-like substance. Tested 
upon insects (roaches, ants, and aphides), it proved to be inert. 

The mother liquors from the recrystallizations were evaporated to 
dryness in a vacuum desiccator over sulphuric acid. More of the 
phytosterol-like substance was obtained, but nothing else. This was 
also found to be inert against the insects mentioned. The insecti- 
cidal principle of Pyrethrum flowers is not, therefore, in the non- 
saponifiable portion of the petroleum-ether extract. 

The solution from the saponification after extraction with ether 

was made slightly acid with sulphuric acid, and again extracted with 
ether. These extracts were very dark red, almost black. After 
washing with a little water, drying over calcium chlorid, and evapora- 
ting the ether at room temperature in a current of air a sticky resin 
was left. Special tests were made for phenols in this material, but 
the results were negative. Tests on small portions with various sol- 
- vents failed to yield any crystalline product. 
The whole of the saponifiable portion was then dissolved in U. S. 
~P. ether, and about twice its volume of petroleum ether added. This 
precipitated a very dark, sticky resin, which was filtered off. Tested 
upon aphides, this resin proved to be inert. 

The filtrate from this resin, which contained the fatty acids, was 
evaported to dryness, leaving a soft, yellowish, oily, sour-smelling 
residue. This material was shown to contain acetic and other fatty 
acids, together with a pungent-tasting oily substance which was pres- 
ent in too small an amount for further investigation. When sprayed 
upon aphides:feeding on nasturtium plants, the fatty acids injured 
the leaves of the plants, but the aphides were unaffected. 

These tests show that saponification with alcoholic potash produces a 
chemical change which destroys entirely the insecticidal action of 
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the material. That saponification with alcoholic potash effects chem- 
ical decomposition in some of the compounds present is also shown 
by the fact that petroleum ether added to the U.S. P. ether soluticn 
of the saponifiable portion precipitates a resin, whereas all the mate- 
rial before saponification was soluble in petroleum ether. 


PROCEDURE 2. 


Since saponification with alcoholic potash destroys the insecticidal 
action of the material extracted by petroleum ether, another proce- 
dure was adopted. A petroleum-ether extract was obtained as be- 
fore, evaported to dryness, and taken up in U.S. P. ether. This 
ethereal solution was successively extracted with aqueous solutions 
of ammonium carbonate, sodium carbonate, and sodium hydroxid, 
made up on the basis of 10 grams of salt to 100 cc. of solution. The 
ammonium carbonate solution assumed a light yellow color when 
shaken with the ethereal solution of the extract. Emulsions which 
were difficult to separate formed. After repeatedly extracting with 
ammonium carbonate and washing with water, the ethereal solution 
was separated, and reserved for the sodium carbonate extraction. 

The ammonium carbonate solution was made acid with sulphuric 
acid and shaken with ether, which slowly and apparently incom- 
pletely took out the yellow color. On evaporating this ether extract 
to dryness, after washing and drying over calcium chlorid, a few 
greenish-yellow, oily, sticky drops were left. From 1,920 grams of 
powdered flowers only 0.345 gram of material was thus obtained. 
This amount was too small for purification and chemical testing, and 
was, therefore, used for testing on insects. It was dissolved in about 
50 cc. of 95 per cent alcohol, diluted with an equal quantity of water, 
and sprayed on nasturtium plants which were infested with aphides. 
From 75 to 80 per cent of the aphides were killed. Im check tests 
with 50 per cent alcohol no aphides were killed. 

The aqueous solution of sodium carbonate removed a noticeable 
amount of a brownish-yellow material, which was obtained as a 
sticky mass after acidifying and extracting with ether. Tested 
against aphides in the same way, the material proved to be very ac- 
tive, killing 100 per cent. Extraction with sodium hydroxid solu- 
tion removed a quantity of chlorophyll and also some of the insec- 
ticidal constituents. About 80 per cent of the aphides sprayed with 
an aqueous alcoholic emulsion of the extracted material were killed. 
On evaporating the ethereal solution of the original petroleum-ether 
extract after these successive extractions with aqueous ammonium 
carbonate, sodium carbonate, and sodium hydroxid, a strong reddish- 
orange pasty material was left. Tested on aphides, this material 
likewise exhibited marked insecticidal power, killmg about 90 per 
cent of the insects. 
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These tests show that the active principle can not be wholly acidic 
or phenolic in nature; otherwise all would have been extracted by the 
aqueous sodium hydroxid solution. Po ee 


PROCEDURE 3. 


In this procedure the petroleum-ether percolate was not evaporated 
to dryness, but was first extracted with a saturated aqueous solution 
of sodium bisulphite to remove aldehydes, if present, and then with 
1 per cent sodium hydroxid. 

On acidifying the sodium bisulphite extract with sulphuric acid, 
extracting with ether, and evaporating to dryness, a trace of a 
sticky varnish was obtained. This had a pleasant odor, gave a 
somewhat indefinite test for aldehydes, and appeared to be a poly- 
- Mmerization product. The amount obtained was too small for satis- 
factory testing, but apparently a very small amount of aldehyde is 
present in the petroleum-ether extract of insect flowers. The sodium 
hydroxid extract contained a quantity of chlorophyll, and in other 
respects resembled very closely the sodium carbonate and sodium 
hydroxid extracts obtained in Procedure 2. 

The residual petroleum-ether solution, after successive treatment 
with the bisulphite and hydroxid of sodium, was evaporated to dry- 
ness, and left a sirupy, reddish material similar to the residue ob- 
tained in Procedure 2. 


IDENTIFICATION TESTS ON THE MATERIALS ISOLATED IN PROCEDURES 1, 2, AND 3. 


These extracts were subjected to a number of special tests as out- 
lined in Mulliken’s “‘Iidentification of Pure Organic Compounds” and 
other standard works, the details of which it is unnecessary to repeat 
here. By means of these tests it has been shown that the petroleum- 
ether extract of the flowers of C. cinerariefolium, which completely 
removes all substances of insecticidal action, contains no ketones, no 
phenols, and no nitrogen-bearing compound, but that it consists 
largely of an ester, together with a trace of aldehyde and a quantity 
of free acids. 

These results harmonize some of the discrepant conclusions reached 
by previous investigators, especially Schlagdenhauffen and Reeb, 
who claim that the active principle is an acid, to which they gave the 
name of pyrethrotoxic acid, and Fujitani, who claims that it is a 
neutral ester, which he named pyrethron. 


DISTRIBUTION OF THE ACTIVE PRINCIPLE IN CHRYSANTHEMUM 
CINERARIAFOLIUM. 

It has long been known that the flowers of the Chrysanthemum 
cinerarixfolium possess insecticidal properties. The action of the 
stems is so slight that they are practically worthless as an insecticide. 
It has been generally supposed that the buds, or ‘‘closed’’ flowers, 
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were more active than the mature or ‘“‘open”’ flowers. In the trade, 
insect flowers are divided into 3 grades: ‘‘Closed,”’ “‘half-closed,”’ 
(or “‘half-open’”’), and “open.” The ‘‘closed” flowers are usually 
sold for about twice as much as the “open” flowers, which would 
imply that their insecticidal power is correspondingly greater. 

Of those who have conducted investigations on the active principle 
of insect flowers, Gerard (93) is the only one who states in what part 
of the flower it is chiefly found. According to him, there are 2 active 
substances, an oleoresin and an essential oil, which are found princi- 
pally around the ovaries of the flower, and to a small extent in the 
corollas. 

The work on insect flowers and stems here reported, in which it is 
shown that the nitrogen content increases with the grade of the 
product, led to a determination of this constituent in the different 
parts of the flower, and at the same time a test of these same parts 
on insects to see if the insecticidal effect was related in any way to 
the amount of this element present. Some typical commercial 
“open” flowers (C. cinerariefolium) were obtained, and dissected 
into their principal parts. In most commercial samples, the greater 
number of the flowers have lost their disc and ray flowers, and con- 
sist only of fruit receptacles, and involucral scales. The fruit 
amounted, on the average, to 80.5 per cent, the receptacles to 10.8 
per cent, and the involucral scales to 8.7 per cent of the whole 
flowers. Enough disc flowers were coilected to determine their 
nitrogen content, but these were lacking in so many of the “open”’ 
flowers that their natural relative proportion could not be determined. 
Their normal actual percentage by weight, however, is very small. 
The results of the analyses are given in Table 47. 


TABLE 47.—Determination of nitrogen content of insect flowers. 


| Percentage 
Sample. | Nitrogen. of total 
nitrogen. 


Per cent. 
1. 26 


ULE SENS Pee Eee Ae Peery, es See OSD. es Se a ee eh es Sorat 22 aren 1p 89.4 
FREECO PLACES oe ee ee ge DE SES EN per ee oe ee ee . 67 Se 
IPTUVOLUICLATS SCA OSS as epee a cee ag Re mt eer ge coe werk 3.5 
MISC MOWEFS os oS ee se ee Se eee. Ay a A ea ge ee 1568: | S25 See 


The nitrogen in the fruit of 5 other samples of “open” flowers 
was also determined, with the following results: 
TABLE 48.—Nitrogen in fruit and flowers of insect flower planis. 


: Entire ‘‘open” 
Fruit. 
Per cent. Per cent. 
1. 34 15331 
ez 1. 22 
1. 34 1. 28 
1. 24 12:25 
1. 26 1. 25 
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From these results it is seen that the fruit from commercial sam- 
ples of ‘‘open” flowers contains about 90 per cent of the total nitrogen. 

Practical tests were made by E. W. Scott and W. S. Abbott, of 
the Bureau of Entomology, on roaches with the different parts of 
the finely-powdered flowers, to determine their relative insecticidal 
strength. The roaches were dipped in the powder until all parts 
of the body were covered with it, and then placed in 8-ounce bottles, 
one insect to a bottle, 10 insects being used in each test. All of the 
insects were allowed ventilation, but no food or water. The average 
of the 10 tests in each case is given in Table 49. 


TaBLE 49.—Insecticidal strength of finely-powdered parts of insect flowers. 


Time 


F Time 
Sample Source. required required 
paralyze. to kill. 


1 | Entire “‘open” flowers of C. cinerarixfolium.......0.. 2... 202-00.200-20---- 21 
EET PEEOM SATU LO Mere oh atolls etn a DA SAN al oe Asi matics wa seen cele 2.4 193 
PipRayMowersnomisamplelyis ss Sakis eee Shee dee 1,800 63 
AG ECE Dp tACloNnnOMl Salm p lem a aem ae sere et ee meiosis loys Os ere cic) s ee 90 504 
as GELVOLUGEE ROmMUSAINple ayes ee ye apy GONE ee ORC I ek A. 240 80 
6 | Disc flowers from ‘‘closed’”’ flowers of C. cinerarixfolium...............---- 8 313 
HANES LEIS ts Sacer ee ee eee ce SODA ae eee oe Stes SOR CR ao ACA Re eben. Aceh ea ee 131 
BNO WeTSOlN CG EnOSCUN sence c misleeiseae em Scteye Sei niois els My tes. ce mie Mars clote eae 7 23 


CHeck Bore dir insets aig Heike NST On | sr tine: 2363 


Apparently the fruit and disc flowers of the Chrysanthemum cine- 
rarixfolvum are the parts most active in paralyzing and killing roaches. 
These are the same parts that show the highest content of nitrogen, 
so that this element, although not actually a constituent of the active 
principle, appears to be present with it in a constant ratio, and hence 
can be used as a measure of the insecticidal activity. 

Summary of work on the actwe principle.—All of the common organic 
solvents completely remove the insecticidal principle from the flowers 
of the C. cinerarixfoluum. The insecticidal principle is not re- 
moved by a steam distillation, either in neutral, acid, or alkaline 
solution. It is insoluble in water and dilute acids, but dilute potas- 
sium hydroxid solution removes nearly all of the activity from the 
powdered flowers. It is shown conclusively that the active. principle 
contains no nitrogen and is not an alkaloid. A considerable amount 
of resin is present in Pyrethrum, but this is inert when tested upon 
roaches. Alcoholic potash saponification completely destroys the in- 
secticidal activity of the petroleum-ether extract, the ester being split 
up into acids and resinous materials. The results of the work indi- 
cate that the insecticidal activity of Pyrethrum is due to a mixture of 
acids and esters. 
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SUMMARY. 


The fact that flowers of certain species of Pyrethrum possess the 


property of killing various insects was known to the people of eastern 
Kurope more than a century ago. Since that time this knowledge has 
gradually spread, until insect powder is now a common household 
convenience. This powder owes its insecticidal activity to a mixture 
of acids and esters which first benumb and subsequently kill the in- 
sects brought into contact with it. While it is generally considered 
to be harmless to the higher animals, a number of cases where it has 
produced symptoms of a more or less serious nature are recorded. 

At present insect flowers are cultivated commercially in Dalmatia, 
Japan, Australia, Algeria, and California in the United States, the 
first three countries producing nearly all of the flowers that enter into 
international trade. The powder is made in each of these countries. 

In the enforcement of the Insecticide Act, insect powder has been 
found adulterated in a variety of ways. In some instances such sub- 
stances as lead chromate, curcuma, and yellow ocher are added to give 
color. Other species of flowers, like the Hungarian or oxeye daisy, 
are substituted in whole or in part for the true insect flower, while 
almond shells, brick dust, hellebore, pepper, sawdust, starch, sumac, 
and the like have been found less frequently in samples examined. 
The ground stems of the Pyrethrum plant, however, probably con- 
stitute over 95 per cent of the adulterants used in insect powder at 
this time. 

Physiological, chemical, and microscopical methods which can be 
used satisfactorily in detecting adulteration with powdered stems 
have not as yet been perfected to such a degree as to make an accurate 
quantitative determination possible. However, from the, data ob- 
tained in the examination of hundreds of samples of genuine insect 
powder, of the materials used for its sophistication, and of commercial 
samples, the results of which are reported in this bulletin, a formula, 
given on page 58, has been developed by which it is possible to deter- 


mine in an insect powder the approximate amount of added Pyre- 


thrum stems present. 
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